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1. Schematic of Feeding Regimes
ABSTRACT
Four experiments were conducted to evaluate carcass characterist­
ics, palatahility, chemical traits and shear values of cattle produced 
on pasture (primarily hermudagrass and ryegrass), pasture plus l/2% or 
1% of body weight in grain or finished on a concentrate ration. Angus 
or Angus x Hereford cattle were used in Experiments 1, 2 and 3 tut Ex­
periment 4 contained straightbred Angus and Hereford along with crosses 
of Angus, Hereford Brahman and Charolais cattle in various combina­
tions. Age at slaughter was 23 and 20 months for Experiments 1 and 2, 
respectively. Age in Experiments 3 and 4 varied with treatments be­
cause of the experimental design. Number of animals per treatment 
varied from 10 to 24 among the four experiments. Carcass data were 
taken for all animals. An 18 cm portion of the blade chuck, the short 
loin (tenderloin removed) and the top round from one side were cut, 
wrapped and frozen at -16 C for distribution to consumer panels in Ex­
periments 1, 2 and 3• Loin, chuck, rib, round, rump and sirloin cuts 
were delivered to cooperating retail food stores for fabrication into 
retail cuts used in the retail study. Loin steaks, rib roasts and 
round steaks were cut and frozen for laboratory panel evaluation in 
Experiment 2. Ribeye steaks were obtained from each carcass in Ex­
periment 4 for laboratory panel evaluation. Fat samples for rancidity 
(thiobarbituric acid) and fatty acid analysis were taken from subcu­
taneous fat above the longissimus muscle. Loin steaks were used in 
Experiments 1, 2 and 3 for evaluation of pH and shear. Forage-fed 
cattle in Experiment 1 had less fat thickness than cattle fed l/2%
grain-on-grass or fed concentrate free-choice for 63, 78 or 108 days. 
Evaluation of chuck, loin and round steaks hy a 150 household consumer 
panel showed panelists preferred (p < .05) the loin steaks from grain- 
fed treatments over limited grain or forage treatments for tenderness 
and flavor. The forage treatment also had a higher (P < .05) pH than 
treatments receiving grain. There were significant differences 
(P «= .01) for all carcass characteristics in Experiment 2. Differences 
were usually between the forage treatment and the grain-fed treatments 
(1% grain-on-grass, 70 or 140 day feedlot treatments). A 273 household 
consumer panel found chuck steaks to be less (P < .05) tender and loin 
steaks to be less (P <.05) juicy from forage-fed cattle compared to 
grain-fed cattle. Fewer treatment differences were observed in con­
sumer ratings after adjustment for variation in marbling and backfat. 
Retail panel evaluation indicated a difference (P < .05) in flavor of 
cuts from the round between the forage and those treatments receiving 
grain. Laboratory ratings indicated lower (P < .01) flavor and over­
all satisfaction ratings of loin steaks from forage cattle than from 
grain-fed cattle. Fat from the forage treatment was least (p «= .05) 
rancid and had the highest (p < .05) pH. Forage cattle in Experiment 
3 had less fat thickness (P <= .01), less kidney fat (p <■ .01), less 
marbling (P < .01) and a lower (P< .05) quality grade than grain-fed 
cattle (1% grain-on-grass, 70 days feedlot or 60 days 1% grain-on-grass 
plus 70 days feedlot). A 168 household consumer panel indicated a 
greater (P <= .05) preference for concentrate-fed treatments compared 
to the grain-on-grass treatment. Fat from the forage treatment was
least (P <. .05) rancid. There were significant differences (P «=. .01) 
for all carcass characteristics except yield grade and hot weight in 
Experiment U-. Panelists preferred the flavor of rib steaks (P «= .01) 
and fat from the grain-fed treatment (198 days feedlot). Differences 




In recent years, demand for feed grains has dramatically increased. 
The use of concentrates in beef production more than doubled during the 
fifties and sixties, as consumer preference for more well marbled beef 
increased. However, during an 18 month period of the early 1970's, 
the cost of concentrates doubled due to disappointing crop yields and 
an abnormally strong export market. Fluctuation between grain surplus 
and shortage is expected to occur more frequently in the future making 
cattle production increasingly dependent on forage crops and pasture 
(Hodgson, 1977). Future growth of the world population will compete 
with food animals for space, food and water making it necessary to re­
evaluate beef production practices. It can be summarized, then, that 
pressures affecting beef production practices come from two directions: 
1) the practical economic considerations related to production which 
include product demand, as well as feed, land, labor and fertilizer 
costs, and 2) competition for grains by the rising world populations.
Product demand may have had an important impact on production 
practices in the past. The trend toward grain-fed beef since 1950 
suggests that consumers prefer this product over forage-produced beef, 
but increased grain feeding may also have come about because of in­
creasing costs of maintaining animals on a long forage-finishing 
program and the relatively low cost of feed grains at that time. Re­
gardless of how consumer preferences have been formed, today's consumer
2
is accustomed to grain-finished "beef as provided by most major super­
market chains and is at least aware that much emphasis is placed on 
the quality grade of U.S.D.A. Choice in advertising. Should large re­
ductions in the amount of grain fed to cattle become necessary, the 
type of beef marketed would be leaner and lower in U.S.D.A. quality 
grade than the consumer is used to purchasing. Even though an increas­
ing amount of today's supermarket beef is of less than Choice quality 
(Guyer, 1976), a substantial amount of that beef is still Choice, 
long-fed beef. According to Turner and Raleigh (1977)» the system of 
production ultimately used will be that which is paid for in the mar­
ket place. Therefore, today's consumer is willing to pay higher prices 
for grain-finished beef either habitually or from real palatahility 
considerations.
The purpose of this research was to investigate the marketability 
and palatahility of beef produced under forage, limited grain and dry- 
lot management systems. Specific objectives included the followings
1. To determine the consumer acceptability of 
beef from different forage-grain management 
systems using large panels selected to rep­
resent a cross-section of the beef-consuming 
population.
2. To determine if actual palatahility differences 
exist in beef from different forage-grain manage­
ment systems using trained laboratory panels.
3
3. To determine chemical and physical differences 
existing in beef from different forage-grain 
management systems by the analysis of fatty 
acids, rancidity, pH and Wamer-Bratzler shear 
force.
* CHAPTER II 
REVIEW OF LITERATURE 
GROWTH AND DEVELOPMENT COMPARISONS
Meat animal researchers have traditionally fed cattle to common 
ages, slaughter weights, days on feed or expected quality. In feeding 
studies, concern over genetic variation has been limited to avoiding 
the confounding of such variation with treatment effects. In more 
recent times, however, grain shortages have prompted researchers to 
study the energy efficiency of different cattle types and it soon be­
came apparent that endpoints such as slaughter weight and age could 
not be used successfully in such studies. Klosterman (1972) states 
that when comparing cattle varying in size, the termination point is 
very critical to the conclusions to be drawn from the experiment. The 
late maturing breeds gain more rapidly post weaning and are leaner at 
constant age or weight endpoints than are smaller breeds (Smith, 1979)• 
When cattle of different sizes are fed to the same grade, however, 
there is little difference in efficiency of gain. The differences in 
the carcass composition of cattle of different breed types slaughtered 
at constant weight or age endpoints are due to differences in maturing 
rates which affect the onset of the fattening phase. This factor, ac­
cording to Berg and Butterfield (1968), may also be affected by plane 
of nutrition, and thus, some recent forage and grain-finished beef 
studies have focused on possible interactions of diet and growth rate.
Ferrell and Crouse (1978) fed Red Poll, Chianina and Gelbvieh
I*
sired steers to a constant fatness endpoint either on a concentrate 
diet or on a high silage diet reporting no interaction between type of 
steer and diet. These workers did, however, find a difference in net 
efficiency of energy used for maintenance or gain due to steer type.
In research to determine the response of Angus-Hereford crossbred 
cattle (small type) to Chianina-Hereford or Chianina-Angus crossbreds 
(large type) to different levels of dietary energy, Prior et al. (1977) 
reported that increasing dietary energy intake increased marbling, 
quality grade, fat thickness at the 12th rib, kidney and pelvic fat 
and yield grade in small type cattle but not in large framed cattle.
The latter results may be explainable on the basis of energy efficiency.
Dikeman (1973) suggested that a relationship exists between 
partial efficiency and physiological maturity. Lipsey et al. (1978), 
after feeding cattle of different frame size to an energy coefficient 
endpoint of 8.0 Meal of NEp (net energy for production) per kilogram 
of gain, concluded that the use of a NEp efficiency endpoint would re­
sult in similar carcass composition among different types of cattle. 
Thus, investigating the relationship of above maintenance energy utili­
zation to body weight gain could help evaluate actual cattle type dif­
ferences and their interaction with feeding regimes. According to 
Bowling £t al. (1978), the best management system to conserve grain 
would incorporate maximum growth and frame development on forage fol­
lowed by short-term drylot feeding. Such a system might favor the use 
of the faster-growing large framed cattle in that these cattle would 
make maximum use of the low energy forage diet, but Smith et al. (1976) 
states that feed efficiency in reaching a %  longissimus fat endpoint
(approximately Choice grade) favors small framed cattle which mature 
faster and thus require less maintenance energy.
Regardless of "breed type, plane of nutrition has "been shown to 
affect rate of gain and production time (Oltjen et al., 1971; Bidner, 
1975; Utley and McCormick, 1975; Dinius et al., 1978). Cattle general­
ly grow at a slower rate with more feed required per unit of gain when 
fed high quality forage diets compared to high concentrate diets.
Young and Kauffman (1978) reported that grain-fed steers gained fast­
er and took fewer days to reach endpoint composition than forage-fed 
steers. Similarly, Perry et al. (1971) reported that cattle fed great 
er amounts of concentrate on pasture gained more rapidly and required 
smaller areas of pasture than cattle fed lesser amounts of concentrate 
However, cattle fed grain on pasture gained less rapidly when placed 
in the feedlot than steers grazing on pasture alone. The differences 
in rate of gain due to ration can "be assumed to he due to differences 
in total digestible nutrients. The nutrient value of concentrate 
rations may he calculated precisely, hut as Carver et al. (1978) 
pointed out, the nutrient value of a forage varies with fertilization 
and growing season and it is difficult to determine the amount of nu­
trients a grazing animal obtains from pastures.
There is also ample evidence that plane of nutrition affects 
lean-fat ratios. Hedrick et al. (1975) reported that carcasses of 
long-fed steers had a lower percentage of retail cuts, a greater per­
centage of fat trim, a lower percentage of hone and a higher quality 
grade than short-fed steers. Fat thickness and yield grade have been
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reported to be higher in grain-fed cattle by many workers (Black et al., 
1931; Dome et al., 1957; Meyer et al., I960; Allen et al., 197^). 
Crouse and Dikeman (197^) showed that fat thickness was highly corre­
lated with percentages of moisture, fat and protein. The association 
of plane of nutrition with compositional differences is probably re­
lated to the stage of maturity at which cattle are usually slaughtered. 
Berg and Butterfield (1968) stated that weight at slaughter has an im­
portant influence on carcass composition. In normal slaughter ranges, 
as weight increases muscle percentage decreases while fat percentage 
increases. A high plane of nutrition increases the percentage of fat 
while a low plane of nutrition retards both fat and muscle development. 
Guenther et al. (1965) reported that development of the longissimus 
muscle was favored by a high plane of nutrition. The gain in muscle 
development of highly finished cattle may be offset, however, by the 
loss due to trimmable fat. Stringer et al. (1968) reported that steers 
full-fed on a finishing ration beyond high Good tended to have a lower 
percentage of retail cuts and less yield of higher priced retail cuts. 
Nevertheless, packers reportedly discriminate against grass-fed cattle 
because the latter have lower dressing percentages and higher cooler 
shrinkage (Brown, 195^)• Bowling et al. (1978) suggests that there is 
no distinct advantage for either grain-fed or forage-fed cattle in 
combined dressing-cutting yields because although forage cattle dress 
lower, they are usually higher in yield cf primal cuts and conversely 




Consumer preference for well marbled meat has necessitated the 
use of high energy finishing systems. Wise et al. (1967) stated that 
a concentrate mixture was necessary to produce carcasses of U.S.D.A. 
Good and Choice grade. It has also been postulated that feeding grain 
mixtures on pasture will produce beef of desirable grade and increase 
the profitability of cattle finishing systems (Chapman et al., 1967). 
Much current research has been conducted to determine optimum grass 
and grain combinations.
Limited grain feeding has been shown to increase both quality 
and yield grade. Shinn et al. (1976) compared characteristics of Here­
ford steers produced by 200 days grazing on fescue, by 200 days graz­
ing plus 56 days on a high energy ration or by 200 days grazing plus 
112 days feed. A higher yield of retail cuts was obtained from the 
grass-fed animals, but the grass-fed treatment graded only high Utili­
ty whereas the grain-fed groups graded low Good and high Good for 
the 56 day and 112 day feeding treatments, respectively. Olentine 
et al. (1976) reported that extending grain supplementation on pasture 
from 153 days to 223 days had little effect on quality grade.
Harrison et al. (1978) fed 38 crossbred steers on four nutrition­
al regimes after a wintering ration and grazing on bromegrass and 
bluestem pasture for 133 days. Treatments included a grass-fed group 
of 10 steers slaughtered directly off pasture, 10 steers fed a 75% 
com ration for 49 days, 8 steers fed a 75% com ration for 98 days
9
and 10 steers received a bQ%> silage, 20% alfalfa haylage and J6% 
com ration for 93 days. Marbling was higher in the fed groups. The 
short-fed and pasture-fed groups graded average Good and low Good, 
respectively; however, the long-fed and silage-fed groups graded low 
Choice. The carcasses of the short-fed and pasture-fed cattle had 
lower actual and adjusted fat thicknesses and less kidney, pelvic 
and heart fat. In this study, the short-fed group had the lowest 
U.S.D.A. yield grade, with the other treatments producing carcasses of 
similar yield grade.
In another study to test the effect of supplemental grain feed­
ing on beef characteristics, Reagan et al. (1977) compared cattle 
produced on winter annuals of rye, oats and ryegrass with and without 
supplemental grain and cattle grazed on clover. Animals were held on 
treatments for 193 days. Marbling scores and quality grades were 
higher for the grain-supplemented cattle; however, higher moisture 
content was observed from the clover-fed cattle.
Although marbling or intramuscular fat content of the longis- 
simus is usually considered to be a function of days on feed, Zinn 
et al. (1970) produced data indicating a non-linear relationship be­
tween the two. These workers fed 200 Hereford cattle on a high energy 
ration for 0 to 270 days. The ration varied in concentrate from k0% 
on day 0 to 60% at the end of the feeding period. Ten steers and 10 
heifers were slaughtered each 30 days until the last group was slaugh­
tered at the end of 270 days on feed. According to these authors, 
marbling scores increased from 0 to 30, 90 to 120, 180 to 200 and
10
210 to 240 days on feed, which shows a step-wise pattern at 60 to 90 
day intervals. One hundred and twenty days of concentrate feeding 
were required to increase one full grade from average Standard to 
average Good. Ninety additional days were required for steers to 
reach low Choice.
McCartor and Smith (1978) fed 40 Brahman x Hereford steers on 
a winter pasture of wheat, oats and Gulf ryegrass for 145 days prior 
to feeding either a high energy grain ration or a high energy pro­
tected lipid ration. Six of the animals were slaughtered directly 
off pasture. Steers receiving the high energy rations had greater 
amounts of subcutaneous fat, kidney, pelvic and heart fat and larger 
ribeye areas than the grass-fed steers but no difference was found 
in yield grade, marbling or quality grade among the treatments.
Utley et al. (1975) compared production and carcass characterist­
ics of 32 crossbred cattle finished on a 72% com diet for 196 days 
or on an all-forage diet consisting of bermudagrass pellets for 205- 
240 days. Steers fed the high energy diet had more marbling, higher 
quality grades and greater fat thickness at the 12th rib than steers 
finished on all-forage diets. Crouse et al. (1975) stated that fat 
thickness at the 12th rib is the most useful predictor of cutability.
In many forage and grain-finished beef studies little emphasis 
is placed on the type of forage used. Data produced by Cross and 
Dinius (1978) showed that cattle produced on a 94% dehydraded alfalfa
11
meal diet had greater marbling and higher quality grades than cattle 
produced on a 9^% alfalfa hay diet. Type of alfalfa did not affect 
yield grade. Silage-fed cattle are often compared to grain-fed cattle 
in feeding studies although silage usually contains some grain. Hammes 
et al. (1964) reported that cattle fed high com-silage diets yielded 
carcasses with similar quality grades to cattle finished on high energy 
rations. Jess et al. (1976), however, found that silage-fed steers 
produced trimmer, lower grading carcasses than steers receiving high 
com diets. Results such as these point up the fact that all forages 
do not contain the same quality or quantity of nutrients.
Data produced by Oltjen et al. (1971) indicated that the se­
quence of feeding forage or grain might affect carcass characteristics. 
Treatments in this study included 12 steers fed all-concentrate,
12 steers fed an all-forage alfalfa ration, 12 steers fed an all­
concentrate ration followed by an all-forage diet and 12 steers fed 
an all-forage diet followed by an all-concentrate diet. Quality grade, 
marbling score and fat thickness were higher for those animals receiv­
ing grain in the diet. Feeding forage followed by grain produced high­
er marbling scores and greater fat thickness than feeding grain fol­
lowed by forage. Steers fed the all-forage diet graded low Choice and 
had half the amount of backfat of cattle finished on the all-concen­
trate diet.
Palatability Comparisons
The ultimate test of a beef management system is the quality of
12
the meat. If the final product is unacceptable to the consumer, then 
the feeding management system is unacceptable. Many experiments have 
been conducted to measure the acceptability of beef from different 
management systems with varying results. Many of the earlier studies 
may reflect the consumer preferences of the time.
Black et al. (1931) found no difference in the palatahility of 
meat from cattle fed on grass alone and those receiving supplemental 
grain, although mechanical shearing of raw meat samples favored the 
supplemented group for tenderness. Foster and Miller (1933) compared 
the palatahility of meat from cattle full-fed for 196 days, fed a half- 
grain ration for 196 days or slaughtered directly off forage. The pal- 
atability of rib roasts from cattle full-fed on grain for 196 days was 
reported to be superior in tenderness and "quality of the juice".
Bib roasts from full-fed cattle were reported to be slightly more 
palatable than roasts from cattle fed a half-grain ration. Bull et al. 
(19^1) stated that meat from cattle full-fed on pasture was as palat­
able as meat from drylot fed cattle, but meat from pasture-fed cattle 
was inferior in "eating quality" because of lack of finish. Wander- 
stock and Miller (19^8) compared the palatahility of cattle produced 
on pasture, pasture-fed followed by full feeding in drylot, full-fed 
on pasture and full-fed in drylot only. Meat from pasture-fed cattle 
was rated lowest for flavor of fat and lean (subcutaneous fat and rib 
roasts). Aroma and tenderness scores also were lowest for the pasture 
treatment, whereas, the full-fed treatments were rated highest for 
these attributes. Although differences were noted, all treatments
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produced beef acceptable in palatability. Hunt et al. (1953) fed- two 
groups of 40 steers either on all-forage or all-concentrate rations. 
They reported that no detectable difference could be found in tender­
ness, flavor or juiciness between the two groups. The authors con­
cluded that beef produced from grass is equal in quality to beef pro­
duced from hay and grain provided both are from cattle of equal fatness. 
Jacobson and Fenton (1956) reported that the flavor of beef from ani­
mals on a high plane of nutrition was preferred over that of beef 
from animals on a low level of nutrition. Level of nutrition was not 
reported to have affected shear values, aroma or juiciness. Malphrus
V.
(1957) compared the palatability of beef with yellow fat and with 
white fat. The panelists preferred the steaks with white fat. Panel­
ists also detected a difference in the flavor of rib roasts from the 
two treatments. Meyer et al, (i960) fed eight pairs of Angus and 
Hereford cattle, one of each pair produced in the feedlot and the 
other produced on orchard grass and Ladino clover. The grain-finished 
beef was scored significantly higher than the grass-finished beef for 
tenderness, flavor of lean, flavor of fat and juiciness. However, 
tenderness, as measured by Wamer-Brat zler shear was not different. 
Meyer et al. (i960) summarized that some fat-soluble substances ab­
sorbed by the fatty tissue may have contributed to the less desirable 
flavor of the forage-finished beef. Malphrus et al. (1962) compared 
cattle fed in drylot to cattle fed on pasture with grain supplement.
The beef was marketed in retail stores and purchasers were asked to 
rate the meat on taste, tenderness and aroma. Consumers could detect 
no difference between treatments for any of the palatability charact-
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eristics tested.
In more recent times, the high cost and scarcity of feed-grains 
has prompted new interest in alternative low-energy feeding systems. 
Thus, the questions raised by previous researchers concerning the 
palatability of forage and limited grain-fed beef have taken on new 
importance.
Although slaughter beef can be produced on all-forage diets, 
supplemental grain feeding on pasture or short grain feeding will 
usually result in higher grading carcasses and more desirable palat­
ability (Skelly et al., 1978). In a comparison of the palatability of 
loin steaks from animals produced on bluestem pasture or concentrate 
for 70 days, Kropf et al. (1975) reported that the steaks of the 
short-fed treatment were more desirable to panelists than steaks from 
the grass-fed treatment for flavor and tenderness. Juiciness was 
not affected by feeding treatment. In a study designed to investi­
gate the effect on palatability of feeding grain to cattle on pasture, 
Burris et al. (1976) fed cattle either on pasture or supplemented 
cattle on pasture with 1% of their body weight in grain for 64 and 
150 days. A five member trained panel could detect no difference in 
flavor, juiciness or tenderness and all socres were well within the 
acceptable range of the scale. In another comparison of grassing to 
short feeding, Shinn et al. (1976) compared the palatability charact­
eristics of Hereford steers produced by 200 days grazing or by 200 
days grazing plus 56 days on a high energy ration. Similarly, this 
study indicated that short grain feeding improved tenderness and
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flavor but did not affect juiciness. These results may reflect the 
average quality grade of the treatments which were high Utility and 
high Good for the grass and short-fed groups, respectively. Reagan 
et al. (1977) compared the palatability characteristics of 63 Hereford 
steers produced on winter annuals of rye, oats and ryegrass with and 
without supplemental grain. The grain-supplemented beef had the high­
est ratings for flavor, however, there was no significant difference 
in tenderness or juiciness between treatments. Smith et al. (1977) 
reported that 49 days of limited grain feeding did not improve the 
palatability ratings of beef over that produced on grass alone. In 
a similar study, Harrison et al. (1978) reported that tenderness, 
juiciness and flavor were similar between steers produced on pasture 
and steers short-fed for 49 days. No difference could be detected in 
flavor of fat by sensory methods. Dinius and Cross (1978) fed forty 
Hereford steers on alfalfa hay or on a concentrate diet for 3» 8 or 
9 weeks reporting that although quality grade was improved by two- 
thirds of a grade by 9 weeks of concentrate feeding, there was no dif­
ference in palatability among the treatments. Bowling et al. (1978) 
used 100 Santa Gertrudis steer calves to study management systems 
utilizing grass alone and grain-on-grass reporting that the steers 
receiving grain were rated higher for flavor desirability and juici­
ness than the grass-fed steers. Tenderness was similar between treat­
ment groups. The authors stated that steers finished on grass only or 
grain-on-grass were below minimum acceptable levels in 67% of all 
sensory panel comparisons. A flavor discrepancy was also reported 
between grass and limited grain-finished beef by Brown et al. (1979)•
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These workers postulated that the difference was due to an off-flavor 
in the grass-fed "beef samples. Similarly, Westerling and Hedrick 
(1979) reported that rib roasts from animals produced on fescue for 
180 days had less desirable flavor than meat from animals produced 
by short feeding for 56 days. However, meat from the short-fed treat­
ment was scored as being less juicy than the grass-fed treatments.
Smith et al. (1970) reported that flavor, juiciness and tenderness 
were more desirable in the meat from steers grain-fed for 49 days 
than in steaks from steers produced on grass alone.
The effect of longer grain feeding periods on palatability has 
also been investigated. Shinn et al. (1976) reported that Hereford 
steers produced by 200 days grazing plus 112 days in the feedlot 
yielded beef which was rated higher in flavor and tenderness than 
beef from steers produced by 200 days grazing alone. Similarly, 
Gutowski et al. (1970) found that cattle fed for 98 days in the feed­
lot produced beef higher in flavor and tenderness scores than cat­
tle produced on grass. Smith et al. (1979) found that chilling at 
13 G improved taste panel tenderness of forage produced beef, but beef 
from cattle produced in the feedlot for 98 days was consistently 
rated higher in flavor, juiciness and tenderness than beef produced 
on pasture. In a comparison of the palatability of beef loins from 
cattle produced either on pasture or for 150 days in the feedlot, Kropf 
et al. (1975) found that beef from the long-fed group was more accept­
able in flavor, juiciness and tenderness to panelists than beef from 
the pasture produced cattle. In a study comparing the palatabili-
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ty of rib steaks from cattle either produced on pasture or in the 
feedlot for 90 days, Huffman and Griffey (1975) reported that 
panelists preferred the forage beef over the grain-fed beef for 
tenderness. No difference was detected in flavor. Beef fed in the 
feedlot to a constant backfat thickness of .4 inch or for 220 days 
was judged by consumers to be very acceptable even though the level 
of concentrate in the diet varied from ̂ 5 to 75% (Marchello et al., 
1979). Flavor was determined by Westerling and Hedrick (1979) to 
be less desirable in the beef from grass-fed cattle as compared to 
beef from cattle produced in the feedlot for 112 days. The flavor 
of beef produced by feeding cattle for 110 days was also preferred 
by panelists over grass-fed beef in a study conducted by Brown et 
al. (1979).
While differences in palatability have often been observed 
between grass and grain-finished beef, the differences in palatability 
between silage-fed and grain-fed beef seem to occur less often. 
Harrison et al. (1978) found flavor and tenderness to be similar be­
tween cattle fed silage for 98 days and cattle fed a high grain 
ration for 98 days. These workers also found the flavor desirability 
of the fat to be similar between silage and grain-finished cattle. 
McCampbell et al. (1972) reported that beef rib steaks from silage- 
produced cattle were determined by sensory panel to be more tender 
and more desirable in flavor than rib steaks from cattle produced 
on pasture or by short feeding. Similarly, Dube et al. (1971) 
produced data which showed that beef from silage-fed cattle was
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more tender, more desirable in flavor and juicier than beef from 
cattle receiving hay. Some panel results have shown silage-fed 
cattle to be slightly more desirable in palatability than beef from 
grain-fed cattle, as indicated by the results of Young and Kauffman
(1978) in which panelists rated grain-finished beef slightly lower 
in tenderness, juiciness and flavor intensity than silage-finished 
beef. In this study, cattle were fed to an endpoint of 1.0 cm back- 
fat thickness. In contrast, Bayne et al. (1969) fed cattle on com- 
silage and a com-grain diet for 210 days reporting that only flavor 
was different between the treatments and the authors stated that this 
difference was not of practical importance.
Effects of Aging
Although marbling and fatness may not affect palatability di­
rectly, the indirect effect of delayed chilling may be a factor 
responsible for differences in tenderness noted between forage and 
grain-finished beef. Delayed chilling and increased tenderness may 
normally occur as a result of increased carcass mass and/or fatness. 
The greater amount of fat cover and lean thickness generally associ­
ated with grain-fed cattle may prevent "cold shortening", post 
mortem contraction which shortens sarcomeres by 20-40% and may ap­
proximate, to some degree, high-temperature conditioning. Sleeth et 
al. (1957) found that beef aged at 68 F for 2 days was comparable in 
tenderness to that aged 14 days at 34 F. High temperature condition­
ing causes a more rapid pH drop in the muscle, and coupled with higher 
temperature in aging, causes disruption of lysozymol membranes and
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thereby releases proteolytic enzymes into the muscle tissue (Moeller 
et al. 1976). Dutson and Lawrie (197*0 reported a significant cor­
relation between soluble -galacturonidase levels and taste panel 
tenderness. Parish et al. (1973) indicated that improved tenderness 
in the longissimus due to accelerated conditioning seemed to be 
principally a function of increased fragmentation of myofibrils 
rather than a change in sarcomere length, but Smith et al. (1976) 
suggested that both sarcomere length and fragmentation may influence 
tenderness of accelerated conditioned muscles. Smith et al. (1979) 
could find no difference, however, in sarcomere length between forage
ti
beef samples aged at 3 C and 13 C although aging at 13 C improved 
taste panel tenderness. The authors also reported that no difference 
in sarcomere length could be detected due to feeding regime: pasture, 
short feeding (*̂ 9 days) or long feeding (98 days). In a similar study, 
Leander et al. (1978) could find no difference in sarcomere length 
among samples from the longissimus of cattle produced on pasture, for 
56 days in the feedlot or for 112 days in the feedlot. Bowling et al. 
(1977)9 however, reported that chilling forage-finished beef at high­
er temperatures (8 hours initial chilling at 16 C) produced muscle 
myofibrils with sarcomere lengths more like those of conventionally 
chilled grain-finished beef, than forage beef chilled at conventional 
temperatures. These workers found that conventional chilling of 
forage-finished beef caused a 2 8 . change in sarcomere length 
while conventional chilling of grain-finished beef caused only a 
17.2% change in sarcomere length. In relating the difference in 
sarcomere length to fat thickness, the authors stated that an in­
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crease from 1.27 to 8.9mm external fat thickness was associated with 
Increases in sarcomere length and panel tenderness ratings. They 
stated, however, that increasing fat thickness beyond 10.2mm would 
not be beneficial in enhancing tenderness. Merkel and Pearson (1975) 
suggested that utilizing chilling rates which account for fatness 
might reduce the tenderness variation between fat and lean cattle, 
and therefore, acceptable beef could be produced with less feeding 
time resulting in increased production efficiency and less waste fat 
on beef carcasses.
Effects of lipid Composition on Palatability
Consumer surveys have indicated that tenderness is the most 
important single attribute contributing to the acceptability of meat 
(Pearson, 1966). In contradiction to this consensus is the tendency 
for differences in flavor to be detected in forage and grain-finished 
beef studies at a rate at least equal to those determined for tender­
ness. In attempting to explain why flavor is important in these 
studies, most researchers have concentrated on lipids because the 
lean component of meat has been shown to be less contributory to 
changes in flavor than the lipid portion (Bratzler, 1971)•
Of the different lipid classes, the long chain fatty acids have 
often been cited as compounds which can produce flavor changes in 
foods by oxidative breakdown to short-chain volatile compounds.
Thus, many forage and grain-finished beef studies have included a 
comparison of fatty acid composition. Cabezas et al. (1965) deter-
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mined that cattle fed a high concentrate ration had more unsaturated 
fat than cattle fed a diet containing citrus meal. The higher unsat­
uration of fat in the corn-fed steers was due to a higher C18:1 
(oleic acid) and a lower Cl6:0 (palmitic acid) content. Church j3t 
al. (1967) reported that the addition of tallow to beef rations pro­
duced differences in fatty acid composition of both subcutaneous and 
kidney fat, and these workers also concluded that pasture feeding 
could be expected to produce a slightly different type of fat than 
drylot feeding. Miller and Rice (1967) found that the depot fat of 
lambs on a high concentrate ration contained more C18:1 (oleic acid) 
and C18:2 (linoleic acid) but less Cl6:0 (palmitic acid) and C18:3 
(linolenic acid) fatty acids than the depot fat of lambs receiving a 
high roughage ration. They also determined that the high concentrate 
ration contained more C18:1 (oleic acid), C18:2 (linoleic acid) and 
less Cl8s3 (linolenic acid) and therefore, diet was shown to affect 
fatty acid composition directly, although some hydrogenation in the 
rumen is known to take place (Garton, 1965). Waldman et al. (1968) 
found that C18:1 (oleic acid) increased with age and carcass weight 
and suggested that this acid increases as an animal approaches physi­
ological maturity and more of its energy is deposited as fat. Waldman 
et al. (1968) could find no association between any of the fatty acids 
studied and taste panel tenderness, juiciness and flavor. However,
Cobb et al. (1969) found that flavor score was positively correlated 
(.50) with the 018:1 (oleic acid) content of the fat while C18:0 
(stearic acid) content was found to be negatively correlated to flavor. 
The latter study was a comparison of cattle produced by pasture feeding
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and a high energy diet. In a more recent study, Dinius et al. (1976) 
fed steers on five diets varying in energy from 2.8 to 3-6 Kcal/g 
digestible energy reporting that percentages of Cl6:0 (palmitic acid) 
and Cl8:0 (stearic acid) acids tended to decrease with increased energy 
intake whereas percentages of C18:1 (oleic acid) and C18:2 (linoleic 
acid) tended to increase with increased energy intake. These workers 
found no differences in Cl^sO (myristic acid), Cl6:l (palmitoleic 
acid) or 018}3 (linolenic acid). Although differences in fatty acid 
composition have been shown to occur due to variation in dietary energy, 
Bowling et al. (1977) found differences in flavor desirability between 
rib steaks from forage and grain-finished beef carcasses which had been 
matched for quality grade and maturity. The quantity of intramuscular 
lipid may not be the only factor affecting flavor and the authors 
speculated that the composition of intramuscular lipids and/or concen­
trations of nitrogenous extracts in muscles might have been responsible 
for flavor differences observed in beef samples.
Westerling and Hedrick (1979) also found that unsaturation of 
fatty acids increased with grain feeding but unlike other workers 
they found only traces of Cl8:3 (linolenic acid) in subcutaneous 
fat among the three feeding treatments. Linolenic acid was found in 
the intramuscular lipid and, in agreement with previous work, was 
found in greater quantity in the forage samples. These workers 
also found that the percentage of total saturated fatty acids was 
negatively associated with flavor scores, but was not significantly
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correlated with juiciness or tenderness scores. Their correlations 
also suggested that Cl6:0 (palmitic acid) had a negative effect on 
flavor and Cl8sl (oleic acid) had a positive effect on flavor. These 
observations should be considered with the qualification that other 
factors may vary with fatty acid composition. A negative correlation 
was also noted between percentages of Cl8s2 (linoleic acid) and flavor 
scores.
Brown et al. (1979) analyzed the fatty acid content of both 
neutral and polar lipids from cattle fed on three diets ranging from 
pasture to full feeding for 110 days. Ground beef from grass-fed 
steers had less Cl6:0 (palmitic acid), C18:1 (oleic acid) and C18:2 
(linoleic acid), but more 018:0 (stearic acid) and 018:3 (linolenic 
acid). These workers suggested that the increased levels of 018:3 
(linolenic acid) in lipids of the grass-fed steers could produce 
volatiles affecting flavor. They listed 2, 4, 7-decatrienal; 2, 
4-heptadienal and 3-hexenal as possible oxidation products of C18:3 
(linolenic acid). Certain of these aldehydes have been reported to be 
responsible for flavors described as "tallowy", "painty" and "card- 
boardy". They also suggested that an unsaturated lactone derived 
from C18:3 (linolenic acid), such as cis- y -dodec-6-enolactone, 
could contribute to off-flavor.
The possible reasons for changes in fatty acid composition due 
to diet have also been studied. Pothoven et al. (1975) stated that 
fat deposition at any site results from fatty acid synthesis at the 
storage site or from the uptake of serum fatty acids coupled with the
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release of some deposited fatty acids. Therefore, if diet affects 
the composition of fatty acids in the "blood, the composition of 
depot fat could be affected. Dryden et al. (1973) reported that the 
serum level of fatty acids was elevated "by feeding animal fat, which 
may indicate some direct uptake of dietary fatty acids. Ray et al. 
(1975) attributes the changes in fatty acid composition brought ahout 
"by grain feeding to shifts in C18:3 (linolenic acid) to C18:2 (lino­
leic acid) to C18:1 (oleic acid) leading to a linear decrease in 
C18:3 (linolenic acid), a curvilinear increase in C18;2 (linoleic 
acid) and, in turn, a linear increase in Cl8:l (oleic acid). The 
increased availability of carbohydrates from grain rations may also 
tend to lower the ruminoreticular pH and thus lower the activity of 
hydrogenase enzyme activity. Smith et al. (1974) also suggested that 
high concentrate rations cause more lipogenesis in ruminants because 
such diets allow more passage of unfermented starch through the fore­
stomach; therefore, more substrate is ultimately available at the 
deposit site for fatty acid synthesis. Desaturase enzyme activity 
at the deposit site may also be linked to animal age. According to 
Hecker et al. (1975)» physiological maturity could be the trigger 
that induces decreased saturation. They determined that as bovine an­
imals mature there is a tendency for more fatty acid synthesis to occur 
at the deposit site with more desaturation taking place, especially 
the desaturation of C18;0 (stearic acid) to C18:1 (oleic acid). Thus, 
enzyme activity, rumen pH, serum fatty acids levels, substrate avail­
ability for synthesis and rate of synthesis with maturity are all 
factors which complicate the explanation of differences in fatty
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acid composition "between forage and grain-finished "beef.
Another class of lipids suspected to cause off-flavor in meat 
is the phospholipid fraction. Homstein et al. (1961) found that 
rancid odor developed more quickly in the phospholipid extract than 
in the neutral lipid extract when exposed to air. These workers at­
tributed this oxidative rancidity to the larger percentage of long- 
chain unsaturated fatty acids in the phospholipid fraction. The 
fatty acid content of phospholipids has "been shown to he affected by 
diet. Kimoto et al. (197^) showed that the C18:2 (linoleic acid) 
content of the phospholipid fraction from protected lipid-fed steers 
was doubled over that of steers fed an unprotected lipid supplement. 
Park et al. (197^) demonstrated that lamb meat high in C18:2 (linoleic 
acid) had a "sweet" or "fruity" aroma or flavor. Grain-finished beef, 
which usually has a higher linoleic acid content than forage-finished 
beef, has not been described, thus far,as "sweet" or "fruity" in 
flavor. This may indicate that C18:2 (linoleic acid) has no singular 
affect on flavor but still could influence flavor. As Wasserman
(1979) stated, at levels below threshold amounts, a compound may be 
ineffective or may act synergistically, antagonistically or additively 
with other components to modify flavor. Link et al. (1970) reported 
that increases in intramuscular lipid was due chiefly to increases in 
neutral lipids and that phospholipids remained essentially unchanged 
with age. Phospholipid content of forage and grain-finished beef 
might be expected to be the same, but the fatty acid composition of 
the phospholipid fraction could be different between feeding regimes,
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and thus, cause a difference in flavor. Flavor changes might also 
"be possible due to the dilution effect of increased neutral trigly­
cerides in grain-finished beef.
The possibility also exists that differences in the flavor of 
forage and grain-finished beef stem from a non-lipid origin. Dif­
ferences in flavor due to type, growth stage and length of pasture 
have been reported. Wheeler et al. (197^) found that sheep which 
had been pastured on rape had a less desirable flavor than those 
pastured on grass. Park et al. (1972) showed that lambs slaughtered 
directly off Lucerne (alfalfa) had an off-flavor but that off-flavor 
was reduced by pasturing on grass for 1 to 2 weeks. These workers 
also reported that Lucerne-fed lamb was least acceptable when the 
pasture was in a leafy condition and growing vigorously.
If certain forages impart off-flavor to meat by the uptake, 
transport and deposition of certain flavor producing compounds, then 
it could be postulated that more subtle flavor changes may be pro­
duced in meat by all types of forage relative to grain-feeding by 
the incidental inclusion of flavor compounds, most probably in the 
lipid portion.
Heat Cookery
Harrison (1975) stated that the method of cooking for research 
study should be based upon its effect on the final product. Weir 
(i960) stated that both time and temperature are important to meat 
cookery and that both have a relationship to the hydrolysis of colla-
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gen and the toughening of muscle fibers by denaturation. Harrison 
(1975) listed the factors which should be standarized in meat cooking 
for research as the followings 1) weight and conformation of the cuts,
2) degree of doneness, 3) internal temperature of the meat. Paul 
(1972) related differences in cooking methods to the rate at which 
heat energy is applied to the external surface of the meat and the 
temperature to which the external surface of the meat is exposed. 
Different cooking methods produce different rates of heat penetration 
with the following order of cooking times; Pressure braising *= deep 
frying *=■ oven braizing *= oven roasting. Visser et al. (i960) reported 
that roasts require about three times as long to cook by oven roasting 
at l̂J-9 C than by deep frying at 100 C . Visible color is affected by 
cooking method; roasts cooked by dry heat will be pink in the center 
but fade to grey-brown toward the outside. Roasts cooked by moist 
heat, however, will be grey-brown through-out (Shaffer et al., 1973)* 
According to Heldman (1975)* the basic mechanisms of heat transfer 
involve conduction, convection and radiation. An increase in the 
surface heat transfer coefficient, thermal conductivity of the product 
and the heating medium temperature will decrease heating time. Orien­
tation of the product such that the direction that the heat is applied 
is parallel to the muscle fibers will decrease heating time by 10$. 
Temperature measurement by thermometers, thermocouples or thermistors 
may be affected by conduction errors or by errors caused by the in­
ability to locate temperature sensors in the desired location within 
the product. Rate of heat penetration has been reported to be most 
rapid between the temperatures of 30 C and 50 C and slowest between
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60 C and 70 C. The reason for the difference has been postulated 
to be due to increased energy utlization for protein denaturation 
and water evaporation (McCrae and Paul, 197*0•
Davey and Gilbert (197*0 describe two different toughening 
phases in dry-heat meat cookery. At 40 C to 50 C a toughening due 
to the effects of changes in actomyosin occurs, while at 65 C to 70 C 
a toughening due to connective tissue components occurs. The second 
phase is thought to be closely associated with muscle fiber shrink­
age and weight loss (collagen shrinkage squeezing fluid from the 
muscle). In moist heat cookery, softening of the connective tissue 
(conversion of collagen to gelatin) is accompanied by a toughening 
of the meat fibers due to heat coagulation of the myofibrillar proteins 
(Bouton and Harris, 1972). The response of different muscles to dif­
ferent types of cookery methods was shown by work done by Cover et al.
(1957) in which the longissimus was shown to be most tender when
broiled to an internal temperature of 6l C , but the biceps femoris 
was most tender when braised well done (100 C). Differences in the 
amount and tenderness of connective tissue were cited by the authors 
as the reason for differences in tenderness and cooking response.
Lowe and Kastelic (1961) reported that loin steaks cooked at 90 C 
and 70 C had differences in cooking time, cooking loss, aroma, flavor
of fat and flavor of lean, with the steaks cooked at 70 C rated more
tender. Parish et al. (1973) used internal temperature endpoints of 
60 C, 70 C and 80 C in the preparation of rib steaks and reported that 
sensory acceptability decreased with the degree of doneness. Cross
29
et al. (1976) investigated the palatability of rib steaks from A 
maturity (young) and D to E maturity (old) carcasses cooked at 
121, 177 and 232 C oven temperatures to final internal temperatures 
of 60 C, 70 Ci 80 C and 90 C . Tenderness and juiciness decreased as 
internal temperature increased but tenderness was more unacceptable 
in the steaks from older animals. Flavor acceptability was not af­
fected by internal temperatures in this study.
Factors Affecting Tenderness
Tenderness has been reported to be the beef palatability 
characteristic of greatest concern to the consumer (Hiner and Hankins, 
1950; Carpenter, 197^)• Marsh (1977) stated that tenderness is affect­
ed by the state of two components, collagen and contractile proteins. 
As animal age increases, collagen becomes more heat stable and less 
easily broken down by cooking. Toughness due to contractile proteins 
is related to handling conditions just after slaughter. Rapid chill­
ing can cause "cold shortening" with a consequent increase in tough­
ness. Other factors such as marbling, animal, sex and breeding have 
been studied in relation to tenderness.
Alsmeyer et al. (1959) reported that age at slaughter accounted 
for 8.1% of the variation in tenderness in animals ranging in age 
from 5 to 87 months. A negative correlation between animal age and 
tenderness has been reported by many workers (Simone et al., 1959;
Tuma et al., 1962; Romans et al., 1965), but research has not shown 
a specific point in animal age in which a definite decrease in
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tenderness occurs. Zinn et al. (19?0) cited insults that indicated 
that tenderness started to decline at about ^00 days of age, but 
Carroll et al. (1976) stated that there is very little change in 
panel tenderness ratings up to 30 months of age.
The effect of animal age on tenderness has been studied in 
comparisons of U.S.D.A. maturity grades. Norris et al. (1971) 
compared the palatability of rib steaks from carcasses displaying 
A- to B+ maturity reporting no effect of maturity on tenderness. 
Covington et al. (1970) could find no difference in tenderness among 
60 steers allotted in three maturity groups, A- to Aq» A+ to B- and 
Bq to B+. Berry et al. (197^) compared the palatability of carcasses 
ranging from A through E maturity reporting that tenderness was simi­
lar between A and B maturity carcasses but E maturity carcasses were 
definitely inferior in tenderness. Although differences in tender­
ness were noted among A and B maturity carcasses, the differences 
were small in magnitude and not linearly related to advancing maturity. 
Romans et al. (1965) compared the palatability of beef ribs represent­
ing A, B, C and D maturity finding that the mature carcasses were 
generally less tender than the less mature carcasses. Similarly, 
Walter et al. (1965) reported tenderness decreased with advancing age 
in a study of the palatability of A, B and F maturity carcasses.
Goll et al, (1965) also found that F maturity carcasses were rated 
less tender than A and B maturity carcasses.
The decrease in tenderness with advancing animal age is thought 
to be related to chemical changes that take place in connective tissue.
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In general, as the age of animals increase, connective tissue decreases 
slightly (Wilson, 195^; Lawrie, 1961; Hunsley et al., 1967) "but tough­
ness increases. Hill (1966) stated that during cooking less collagen 
is solubilized in meat from older animals than in meat from younger 
animals and reported that the degree of solubility, as well as the 
total amount of collagen, are important when considering the biochem­
ical explanation for tenderness. Jackson and Bently (i960) proposed 
that the longer the time that has elapsed since the synthesis of the 
collagen molecule, the more firmly it will be bound into a collagen 
aggregate. Goll et al. (1964) measured the amount of collagenous 
residues released by collagen from animals of increasing maturity, 
finding that soluble material decreased as maturity increased. Calves 
40 to 49 days old released 42% of their hydroxyproline in a soluble 
form as compared to 2% released by the collagen of ten year old cat­
tle. Thermal shrinkage temperature (point of thermal denaturation 
of the collagen molecule) also increased from 55 C for the least 
mature group to 70 C and above for the most mature group. Collagen 
solubility was reported by Herring et al. (1967) to be .77 correlated 
to taste panel tenderness in a comparison of A, B and E maturity 
carcasses. Kim et al. (1967) found that the amount of connective 
tissue in raw meat, as determined chemically, was correlated with 
panel evaluation for softness and amount of connective tissue.
However, Ritchey and Hostetler (1964) reported that the amount of 
collagen nitrogen did not agree closely with subjective measures of 
connective tissue. Subjective measurement for connective tissue also 
indicated that beef cooked at 80 C was softer and had less connective
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tissue than steaks cooked at 6l C. Prost et al. (1975) reported that 
sex had no consistent effect on the connective tissue content of 
animals.
The effect of marbling or the amount of intramuscular fat in the 
longissimus may also have an effect on tenderness. Cover et al.
(1956) found that marbling accounted for about 10% of the variation 
in tenderness. O'Connell et al. (1974-) reported that marbling scores 
accounted for about 4% of the tenderness variation. Increased 
marbling has been associated with increased tenderness in a number 
of studies (Kropf and Graf, 1959; Doty and Pierce, 1961; Field et al., 
1966; Westing and Matsushima, 1976; Jennings et al., 1978). Still 
other workers produced results indicating that marbling had little 
effect on palatability (Gilpin et al., 1965; Goll et al., 1965;
Walter et al., 1965). Carpenter (1974-) stated that practically all 
organoleptic attributes are associated in a positive manner with 
marbling scores but that the correlation is low. The fat content 
within a muscle is thought by some workers to be relatively unim­
portant to palatability in steaks from young cattle (Campion and 
Crouse, 1975)* These workers reported that the palatability of rib 
steaks with as little as 2 . %  fat in the longissimus was acceptable. 
Below this level, however, palatability may be less acceptable. 
Briedenstein et al. (1968) stated that marbling generally improved 
palatability characteristics of beef but that a wide range of marbling 
had to be considered to give significant results. Tenderness was 
also found to be least affected by marbling level as compared to
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flavor and juiciness. Campion and Crouse (1975) reported that the 
regression of taste panel tenderness scores on marbling indicated 
that marbling scores would have to differ by 17 units (on a scale 
from 1 - 27) to effect a one unit ( 1 - 9  scale) change in taste 
panel tenderness.
Marbling score has also been shown to be positively associated 
with the amount of subcutaneous fat deposited over the longissimus 
(Kropf and Graf, 1959; Romans et al., 1965; Cole et al., 1966; McBee 
and Wiles, 1967; Kauffman et al., 1968). Jeremiah et al. (1970) 
reported that marbling score increased as subcutaneous fat thickness 
increased to a certain level depending upon the breed; thereafter, 
additional increases in subcutaneous fat were not accompanied by 
increases in marbling. The increased tenderness with higher marbling 
scores observed by some workers may be only indirectly associated 
with marbling in that subcutaneous fat would tend to increase with 
marbling thereby serving as insulation and preventing possible 
"cold shortening" (Smith et al., 197*0 • These authors reported a 
significant negative correlation between the temperature of the center 
of the longissimus 1 hour post mortem and shear force values obtained 
from lamb loin chops.
Differences in beef tenderness due to sex and breed have also 
been reported. Steaks from steer carcasses showed lower acceptability 
and tenderness ratings than steaks from heifer carcasses in a study 
by Kropf and Graf (1959)» but other workers have reported no difference 
due to sex (Garcia-de-Siles et al., 1977). O'Connell et al. (197*1-)
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reported that steaks from British carcasses were more tender than 
steaks from Brahman carcasses. A study hy Lewis et al. (1977) indicat­
ed that taste panel determined tenderness was not affected "by "breed of 
sire or dam. Adams et al. (1977) found no difference in flavor or 
tenderness of meat from cattle of British (Hereford) and French 
(Limousin, Maine Anjou or Gharolais) crossbreeding.
Factors Affecting Flavor and Juiciness
Crocker (1948) concluded that the flavor of raw meat was due, 
in large part, to the presence of blood and that most of the flavor 
of cooked meat is due to the "breakdown of protein. Most of the 
flavors resulting from amino acid fragmentation are generally sweet, 
salty or bitter, and the most conspicuous flavor elements are present 
as odors. Crocker (1948) also stated that all meats tend to have a 
fundamental blood-like flavor on which is superimposed the flavors 
distinctive of species, food and environment. Flavors due to species 
and other factors tend to be lost during prolonged cooking. Aroma is 
due to the total contribution of large numbers of volatile components, 
but most flavors do contain "key compounds" which play a major role 
in imparting a specific flavor to the food (Chang and Peterson, 1977)* 
Vasserman (1979) stated that detection levels of compounds in foods 
largely depend on their solubility in fat and water. Borton et al. 
(1974) reported that off-odor and flavor can be imparted to beef after 
slaughter by hanging the carcass in the vicinity of the odor source.
The effects of fatness and maturity on flavor have been investi-
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gated by many workers. Doty and Pierce (1961) could find no associa­
tion between intramuscular fat and flavor of the fat or lean in a 
comparison of Prime and Good carcasses. Goll et al. (1965) compared 
carcasses with moderately abundant through practically devoid marbling 
and reported that flavor was not associated with marbling and was not 
related to juiciness and tenderness scores. In a more recent study, 
Dikeman and Grouse (1975) reported that increased fatness in the 
longissimus did not result in any measurable increase in palatability. 
Thrall and Cramer (I9?l) reported a low negative correlation (-.22) 
between marbling and flavor. These authors stated that correlations 
with flavor should be interpreted with caution as organoleptic flavor 
of meat is difficult to measure unless there are rather large differ­
ences or off-flavors.
In contrast some authors have found that increased marbling tended 
to enhance flavor scores. Bayne et al. (1969) reported that increased 
finish increased flavor desirability and accounted for 23% of the 
variation in flavor. Briedenstein et ad. (1968) found that marbling 
tended to increase flavor more than tenderness, but Dryden and Marchel- 
lo (1970) reported that flavor was the least influenced palatability 
trait to be affected by increased marbling.
Carpenter (197*0 stated that the chronological age of the animal 
has little influence on the flavor of beef. In a study of 18 to 90 
month old steers, Tuma et al. (1962) reported that taste panel flavor 
did not appear to be related to age of the animal. Romans et al.
(1965) found that the flavor of less mature carcasses was generally
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preferred by panelists in a study using beef ribs representing A, B 
C and D maturity. Similarly, Cross et al. (19?6) reported that taste 
panel flavor acceptability was greater for A maturity (young) than D 
to E maturity (old) carcasses. In a comparison of younger animals, 
flavor was unaffected between 18 and 30 month old steers (Simone et al.,
1959).
Juiciness, according to Blumer (1963) is the liquid detectable 
during the chewing of a bite of meat. Marbling may have an effect on
juiciness in that lipid stimulates saliva flow, thus giving the sensa­
tion of increased juiciness. Weir (i960) also reported that the sensa­
tion of juiciness in cooked meat was closely related to intramuscular 
fat content and that tenderness and juiciness were closely associated 
with the juices being more quickly released from more tender meat.
Cover et al. (1962) stated that there are two types of moisture present 
in meat. One is free to be pressed out as juice and may be from lymph 
and blood remaining in blood vessels. The other is absorbed water
which varies greatly in the degree of binding. Some of the latter
may be released during cooking. The results of this study also indi­
cated that cooking losses were not highly correlated with taste panel 
juiciness scores. Since juiciness is a sensation in which salivation 
plays a part, objective measurement of juiciness by instruments is not 
possible, and therefore, this trait can only be accessed by subjective 
panel measurement.
An association between marbling and juiciness has been established 
in a number of studies. Romans et al. (1965) reported that steaks
37
containing a moderate amount of marbling were more juicy than those 
containing a slight amount. In a later study, Jennings et al. (1978) 
produced similar results in a study which showed that steaks with 
modest or above marbling had higher juiciness ratings than steaks 
possessing slight or below marbling. Cover et al. (1956) reported 
that variations in fatness accounted for about 25% of the variation 
in juiciness of broiled loin steaks. Attempts have been made to 
correlate individual fatty acids with taste panel juiciness. Waldman 
et al. (1968) reported high positive correlations between panel 
juiciness scores and myristic and palmitic acid. In a more recent 
study, Dryden and Marchello (1970) found that palmitoleic acid was 
correlated with juiciness.
Since chronological age has been shown to affect carcass composi­
tion (Berg and Butterfield, 1968), animal age at slaughter might be 
expected to have an influence on panel juiciness scores. Reagan 
et al. (1976), however, could find no difference in juiciness scores 
among steaks from A, C-D and E maturity carcasses even though the 
meat from the older animals was lower in moisture. Similarly, Tuma 
et al. (1962) could find no difference in taste panel juiciness in a 
comparison of loin steaks from 18, ^3 and 90 month old steers.
Walter et al. (1965), however, did observe a decrease in juiciness 




The terms "organoleptic", "palatability," "eating quality" 
and "taste tests" have all "been used for many years to describe 
human reaction to foods. These reactions may be "broadly divided 
into subjective tests that measure the individual's preference and 
objective tests to measure differences in samples (Boggs and Hanson,
19^9).
When untrained judges are used or the general acceptance of the 
food is desired, the hedonic scale is often used. The hedonic scale 
described by Peryam and Girardot (1952) involves response according 
to the likes or dislikes of the individual. The scale is designed 
to be a complete psychological continuum between "like extremely" 
and "dislike extremely." Peryam and Girardot (1952) list the main 
purposes of the hedonic scale as followss l) to detect small differ­
ences in the direct response to similar foods, 2) to detect gross 
differences in the direct response to food even when time, subjects 
and test conditions are allowed to vary, 3) to reveal differences 
in group preference attitudes toward foods. The major advantages 
of the hedonic scale are: l) it is simple, which makes it suitable 
for a wide range of population, 2) it requires no previous experience,
3) the data can be handled by the statistics of variables, ^) the 
results are meaningful for indicating general levels of preference.
The use of the hedonic scale for quality control work is cautioned 
since large test variation will be incurred unless a number of judges 
are used and since the responses are subject to change with various
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uncontrollable conditions (Seaton and Gardener, 1959)•
Trained panels function as human analytical instruments, trained 
to give precise and consistent sensory judgements. Untrained panels 
measure consumer response using subjects representative of a target 
population. Hovenden et al. (1979) compared the accuracy of an un­
trained panel to a trained panel finding that the untrained panel was 
as accurate as the trained panel, even though it is generally assumed 
that an untrained panel cannot detect the same degree of difference 
as a trained panel. Brady (1957) stated that the laboratory panel is 
concerned with specific sensory attributes as contrasted to surveys 
of attitudes or opinions. Consumer panels, therefore, may measure 
specific attributes of meat palatability but the results may be af­
fected by factors such as cultural eating habits, regional trends and 
knowledge of the product. For instance, Casso (1951) surveyed meat 
retailers in the Baton Rouge area and concluded that about 20% of the 
consumers were aware of quality factors in meat and there was a modal 
preference for less highly finished grades. Francis et al. (1977) 
produced results which indicated that younger people preferred a great­
er degree of marbling than older people and therefore age of the 
panelist may be another influencing factor in consumer tests of beef.
Difference tests are often used to determine if differences 
exists in the palatability attributes of meat products. Among the 
tests used to analyze differences are paired comparisons and triangle 
tests. Cover (1936) described a paired comparison of two samples 
for tenderness. In this test, the judges were asked to indicate which
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of two samples was more tender, then to indicate the degree of dif­
ference as "none," "slight, " or "decided, " and finally to rank them 
as "very tender, " "tender, " "neutral," "tough," or "very tough,"
The triangle test is similar to the paired comparison test in that 
the judges must differentiate one sample from the other two. However, 
bias factors are greater in the triangle test and more samples are 
required. Accuracy and thorough randomness of administration may 
also be detailed (Amerine et al., 19&5)• Psychological fatigue may 
also be a critical factor in organoleptic testing, especially in 
difference tests. However, Pfaffmann et al. (1954) found that ef­
ficiency did not decline during 40 minute taste sessions involving 
18 triangle tests per session. More recently, Hovenden et al. (1979) 
reported that nine samples per session were evaluated for tenderness 
with the same accuracy as three samples per session.
In past years, organoleptic research techniques for meat evalua­
tion have varied from research station to research station with little 
attempt to standardize methodologys (Moody, 1977). Recently, however, 
guidelines have been established for the training and conduction of 
meat sensory panels in order to consolidate the various techniques 
used for meat evaluation. According to Gross et al. (1978), the 
method developed for selecting, training and testing a meat descript­
ive panel should consist of the following four steps: personal inter­
view, screening, training and performance evaluation. The interview 
establishes the interest and availability of the candidate and allows 
the classification of the potential panelist for routine or for
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special tests. The screening is the first measure of the candidates 
actual sensory performance hy using such simple techniques as the tri­
angle test or paired comparisons. Thus, the poorest performing candi­
dates are eliminated. The accepted panelists are then trained in or­
der to: 1) familiarize the individual with the test procedure, 2) im­
prove the individual's ability to identify sensory attributes, 3) im­
prove the individual's sensitivity to and memory for test attributes,
so that sensory judgements will be precise and consistent. Performance 
evaluation during training enables the panel leader to identify prob­
lems among individual panel members. After the actual testing has 
been completed, panelist variation can be removed from the random 
variation if variation due to panelist is considered in the experiment­
al design (Lowry et al., 1979)•
Meat Test Methods
In 1928, Warner developed a shearing device to measure tenderness. 
In 1932, Bratzler modified this device and since then it has been 
known as the Wamer-Bratzler shear (Schultz, 1957)* Values obtained 
with the Wamer-Bratzler Shear have been shown to be highly correlated 
to sensory tenderness ratings (Mackintosh et al., 1936; Ramsbottom et 
al., 1945; McBee and Naumann, 1959). Paul and Bratzler (1955) com­
pared the value of using half-inch diameter cores as compared to one- 
inch diameter cores, finding that the use of either size was satis­
factory providing that one size was consistently used. Hostetler and 
Ritchey (1964) established, however, that taking cores for shear test­
ing at an orientation parallel to the muscle fibers gave less variation
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than taking cores perpendicular to the muscle surface without regard 
for fiber orientation.
Oxidative rancidity of meat lipids sometimes imparts off-flavors 
to meats and several objective tests have been used to measure the 
degree of rancidity. Peroxide measurement has often been used as an 
indicator of lipid oxidation, but Watts (1954) points out that per­
oxides are intermediates and are related to rancidity only so long as 
they are formed at a greater rate than their decomposition products.
The 2-thiobarbituric acid (TBA) method is also used to measure rancid­
ity. Malonaldehyde, resulting from the breakdown of unsaturated fatty 
acids, reacts with the TBA to give a red pigment which can be measured 
by a spectrophotometer (Sinnehuber et al., 1958). The TBA test has the 
advantage of use on intact food samples and can be closely correlated 
with sensory evaluations (Sidwell et al., 1955; Turner et al., 1954; 
Younathan and Watts, i960).
The measurement of pH of meat may be of interest in that pH has 
been shown to affect the color, texture and water binding capacity of 
meat. Glycogen breakdown in the muscle results in the accumulation of 
lactic acid and pH declines postmortem to a value of about 5*4 at 
which point the activity of glycolytic enzymes is impaired (Pearson, 
1971)• As the pH declines to a point nearer the isolelectric point 
of the proteins, water is lost resulting in a change in textures. As 
a result of the textural change, reflectance and absorbence are also 
altered resulting in a color change. Water binding and pH have been 
found to be correlated (Walter et al., 19^5)• A relationship between
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pH and tenderness may also "be indicated. Muscle with a high pH has 
been reported to be more tender than muscle with a low pH (Lewis et 
al., 1962; Martin et al., 1971; Harrell et al., 1978). In contrast, 
Smith et al. (1976) found that lambs with thick fat covering produced 
meat with a lower pH and higher ratings for tenderness than lambs with 
less fat covering and a higher pH. The magnitude of the effect of pH 
on tenderness may be such that it is masked by more powerful influences 
such as "cold shortening" and autolytic enzyme action.
CHAPTER III 
MATERIALS AND METHODS
During a 4-year period, 1974 through 1978, four experiments were 
carried out to study the acceptability of forage and limited grain- 
finished beef. The first three experiments were part of a three phase, 
cooperative project designed to analyze the marketability of beef 
produced on various levels of grain. Economic factors affecting beef 
acceptability were also studied in this project but not reported herein. 
These experiments compared cattle fed to either chronological age or 
slaughter weight endpoints, with ration energy level primarily being 
altered during the final finishing phase. The fourth experiment com­
pared cattle produced on pasture, taking a relatively long period of 
time to reach final weight, to cattle produced in the feedlot from 
weaning, taking a relatively short length of time to reach final weight.
All of the feeding trials were conducted at the West Louisiana 
Experiment Station with the exception of the grain-fed cattle used in 
Experiment 4, which were fed at Ben Hur Farm in Baton Rouge. All ani­
mals were randomly assigned to feeding treatments after various pasture 
feeding periods, depending upon the length of grain feeding. The cat­
tle used in Experiments 1, 2 and 3 were either of Angus or Angus x 
Hereford breeding. In Experiment 4, the cattle were selected from two 
different research projects resulting in a difference in breeding be­
tween treatments. The forage group included 12 Angus-Hereford and 12 
l/2-Angus, l/4-Hereford, l/4-Brahman cattle. The grain-fed group con-
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sisted of five Angus; two Hereford; two 5/8-Hereford, 2/8-Charolais, 
l/8-Brahman; five 5/8-Hereford, 2/8-Angus, l/8-Brahman; three 5/8-An­
gus, 2/8-Gharolais, l/8-Brahman5 four 5/8-Brahman, 3/8-Angus, and three 
5/8-Brahman, 3/8-Hereford steers. All experimental animals were from 
14 to 20 months of age when placed on treatment with the exception of 
the grain-fed cattle in Experiment 4 which were approximately 7 to 8 
months old when placed in the feedlot.
The type of pastures used throughout all experiments were common 
and Coastal hermudagrass (IRN 2-00-712 and IRN 2-00-7191 respectively) 
in the summer and rye, ryegrass and Louisiana S-l white clover (IRN 2- 
04-018, IRN 2-04-078 and IRN 2-01-468, respectively) in the winter and 
spring. Fertilizer (6-24-24) was applied at 91 kg per hectare in Octo­
ber and May. Ammonium nitrate was applied at a rate of 91 kg per 
hectare in October and May and at a rate of 45 kg per hectare in mid- 
February. Inadequate pasture conditions sometimes necessitated the 
supplemental feeding of cottonseed meal (IRN 5-01-809) and bermudagrass 
hay (IRN 1-00-703) to cattle on forage treatments, usually at periods 
between growing seasons in fall and winter.
The concentrate ration fed in Experiments 1 and 2 consisted of 
ground yellow com with mineral and protein supplement (appendix A).
The ration fed in Experiments 3 and 4 were similar except that whole 
com was fed in Experiment 3 and milo (IRN 4-04-379) grain was used 
in Experiment 4. In Experiments 1, 2 and 3 concentrate-fed cattle were 
fed free-choice with limited access to grass, and cattle in grain-on- 
forage treatments were hand-fed daily with a ration consisting of
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ground com and urea while on pasture. The grain-fed cattle in Ex­
periment 4 were fed free-choice in drylot.
Experiment 1 contained five treatments of 10 steers each (figure 
1). Steers in the forage treatment were placed on pasture after wean­
ing and remained there iontil slaughter. The 10 steers in treatment 
two received \/Z% of their "body weight per day in grain for 188 days, 
thereafter, they were on winter pasture where they remained until the 
time of slaughter (approximately 2 months). Grain feeding of the re­
maining three treatments (10 steers each) was initiated such that at 
the time of slaughter, groups would have "been grain-fed (ration, 
appendix A) for 63, 78 and 108 days. Slaughter was staggered over a 
3 week period during February, 1975 resulting in an approximately 
equal chronological age for all experimental animals (average, 23 
months). Average group weights at the time of slaughter are shown in 
table 1. Cattle in Experiment 1 consumed 341, 727 > 897 and 1290 kg 
of concentrate ration per head in treatments 2, 3» 4 and 5»respectively.
Experiment 2 contained four treatments of 16 steers and nine heif­
ers each except for treatment 4 which contained only 16 steers (figure 
1). Animals in the forage treatment were produced on grass. Animals 
in treatment 2 received 1% of their body weight in grain per day for 
120 days while on pasture. Animals in treatments 3 and 4 were fed a 
concentrate ration (appendix A) for 70 and 140 days, respectively, in 
drylot. Animals in all treatments were slaughtered during the month 
of October, 1975 such that the average chronological age at the time of
47





Months of age 
at slaughter















































HJ grain on forage 
|  63 days feedlot 
g| ?8 days feedlot 
B  108 days feedlot
Experiment 2
'"H  I M I
JESIS
Forage
1% grain on forage 




I I I H I I I I I i m i  W  grain on forage





0 5 10 15 20 25 30 35 40 MONTHS
TABLE 1 . PRODUCTION TIME, GRAIN CONSUMPTION AND 











1 1 Forage Weaning to 2/75 460 Chronologic
2 grain on forage 6/74 to 2/75 472 341 age
3 63 days feedlot 12/74 to 2/75 4 75 727
4 78 days feedlot 11/74 to 2/75 499 897
5 108 days feedlot 10/74 to 2/75 492 1290
2 1 Forage Weaning to 10/75 348 Chronologic
2 1% grain on forage 6/75 to 10/75 376 428 age
3 70 days feedlot 8/75 to 10/75 391 846
4 140 days feedlot 6/75 to 10/75 476 1532
3 1 Forage Weaning to 4/77 477 Slaughter2 1% grain on forage 1/76 to 10/76 476 998 weight
3 70 days feedlot 8/76 to 11/76 479 6314 1% grain/70 days3. 5/76 to 10/76 475 782
4 1 Forage Weaning to 5/?8 481 Slaughter
2 198 days feedlot 10/77 to 4/78 442 1774 weight
al% body weight of grain for 60 days followed by 70 days feedlot.
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slaughter was 20 months (table l). Average group weights at the time 
of slaughter were different and thus chronological age was the effect­
ive endpoint for slaughter in this study. Cattle in Experiment 2 con­
sumed 428, 846 and 1532 kg concentrate ration per head for treatments 
2, 3 and 4, respectively.
Experiment 3 contained four treatments of 14 steers each (figure l). 
The forage treatment was produced on summer and winter pastures. Steers 
in treatment 2 received 1% of their body weight in grain per day for 
284 days while on pasture. Steers in treatment 3 were grain-fed for 
approximately 70 days and treatment 4 steers initially received 1% of 
their body weight in grain per day for 60 days followed by final grain- 
finishing for 70 days in drylot. Steers in Experiment 3 were slaugh­
tered at a constant weight endpoint (approximately 476 kg) resulting in 
somewhat different slaughter times and ages for experimental groups 
(table l). In Experiment 3, average ration consumption was 998, 631 
and 782 kg per head for treatments 2, 3 and 4, respectively.
Experiment 4 contained 2 treatments of 24 steers each (figure l). 
Both treatments were fed on their respective diets after weaning.
Steers produced on grass (treatment l) were approximately 31 months of 
age when slaughtered, as compared to 14 months of age at slaughter for 
the grain-fed cattle. Steers in treatment 2 received 59% grain ration 
for 198 days in drylot. Both groups were slaughtered within a 4 
week period of April and May of 1978. Slaughter weight was the ef­
fective endpoint of this experiment. Grain-fed cattle in Experiment 
4 consumed 1774 kg of feed per head.
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All animals were slaughtered in either federal or state inspected 
plants at the end of the feeding period (tahle 1) and carcass data 
were obtained after a 72 hour chill at approximately k C. In Experi­
ment 1, all of the carcasses were delivered to the warehouse of a 
cooperating retail food chain where they were separated into wholesale 
cuts. An 18 cm portion of the blade chuck, the short loin (tenderloin 
removed) and the top round from one side of each animal were then 
transported to the laboratory where the cuts were wrapped, blast 
frozen and stored at -16 G awaiting final fabrication into retail cuts 
for the consumer panel.
In Experiment 2, 5^ of the 91 carcasses used in the study were 
transported to the warehouse of a cooperating retail food chain where 
they were broken into wholesale cuts. Wholesale cuts, consisting of 
the loin, chuck, rib, round, rump and sirloin were then transported 
to three of the chains' Baton Rouge stores for fabrication by store 
personnel into the retail cuts used in the retail phase of the study. 
The blade chuck, short loin (tenderloin removed) and top round from 
the remaining side were then transported to the LSU Meat Laboratory 
where the cuts were wrapped, blast frozen and stored at -16 C to 
await fabrication into the retail cuts used in the consumer and lab­
oratory phase of the study. The 37 carcasses not designated for use 
in the retail phase of the study were delivered directly to the LSU 
Meat Laboratory where the same subprimal cuts described previously 
were removed and stored for consumer evaluations.
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In Experiment 3> sides were delivered directly to the LSU Meat 
Laboratory where the same subprimal cuts described in Experiments 1 
and 2 were removed, wrapped, blast frozen and stored at -16 C for use 
in consumer testing. Aging time before freezing was approximately 
five days in all three experiments.
The animals used in Experiment ^ were slaughtered in two dif­
ferent slaughter plants and only whole twelfth ribs were removed for 
evaluation and testing. Ribs were removed from carcasses of the grain- 
fed treatment in the slaughter plant at the time of grading and trans­
ported to the LSU Meat Laboratory where fat samples were taken and 
the remaining muscle portion deboned, wrapped and frozen at -16 C. 
Carcasses of the forage treatment were transported directly to the 
LSU Meat Laboratory where the twelfth rib was removed and samples 
taken and stored in the same manner as were the grain-fed beef samples.
Consumer panels
The consumer panels were selected to test the marketability of 
forage and limited grain-finished beef in relation to feedlot produced 
beef normally found in the supermarket. Panels were selected in Experi­
ments 1, 2 and 3 to represent a cross-section of the beef consuming 
public in Baton Rouge by selecting geographical clusters of 150 house­
holds each using a city directory. Approximately 10 households were 
selected from each cluster to form consumer panels of 150, 273 and 168 
households used in Experiments 1, 2 and 3» respectively. Stipulations 
on selection were that the household contained a husband and wife who
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regularly consumed “beef and who would he present at the time of deliv­
ery (a three week period).
The cuts given to the panel were made immediately before distri­
bution from the wholesale chucks, short loins and top rounds wrapped 
and freezer stored shortly after slaughter. Freezer storage time 
varied from approximately 3 months in Experiments 1 and 2 to nearly 
9 months for treatments 2 and k of Experiment 3* Steaks were uniform­
ly cut, trimmed and wrapped in packages of two steaks each with the 
husband's steak identified with a metal ring. Each household received 
two top round, two chuck and two loin steaks delivered two at a time 
over a three week period. Evaluation forms were delivered with each 
set of steaks and picked up in person by project workers exactly one 
week later. The two steaks evaluated each week were from the same 
wholesale cut and position but with treatment and animal randomly 
assigned to each husband, wife and household. The panelists were only 
informed of the nature of the study except in Experiment 1 in which 
treatments were revealed to selected panelists in an attempt to de­
termine if a bias existed against forage beef. The panelists were in­
structed not to use artifical tenderizers; however, no restrictions 
were placed on the method of preparation or the use of condiments.
In Experiment 1, panelists were asked to rate each steak for 
tenderness and flavor on a seven point hedonic scale and overall 
acceptability on a nine point hedonic scale, with one being the most 
favorable rating (appendix B). In Experiments 2 and 3» seven point 
hedonic scales were used to rate tenderness, flavor, juiciness and
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overall acceptability with one designated the most favorable response 
(appendix B). Although the wording of the responses differed somewhat 
among the scales used to evaluate palatability in all three experiments, 
the scales gave a similar range of responses which could be equated 
numerically and statistically analyzed.
Retail panel
A retail panel was conducted in Experiment 2 to study the market­
ability of forage and limited grain-finished beef steaks, roasts and 
other cuts at the retail level. Wholesale cuts consisting of the loin, 
chuck, rib, round, rump and sirloin were delivered to three retail food 
stores in the Baton Rouge area for test marketing with the currently 
marketed type of supermarket beef (usually U.S.D.A. Choice). Steaks 
and roasts were cut and wrapped by store personnel identically to their 
own line of beef except that each of the 3i655 packages marketed con­
tained an evaluation response card to be mailed back to LSU personnel 
after evaluating the cut purchased. The retail cuts sold included sir­
loin steaks, t-bone steaks, chuck steaks, chuck roasts, boneless should­
er roasts, rib steaks, ribeye steaks, full-cut round steaks, eye of 
round roasts, eye of round steaks, rump roasts, sirloin tip roasts 
and sirloin tip steaks. The cuts were reduced by as much as 25% com­
pared to U.S.D.A. Choice to reflect the differences in production cost 
and to encourage the purchase and evaluation of the product. Purchasers 
were asked to evaluate the cut for tenderness, flavor, juiciness and 
overall acceptability on a 5 point scale (appendix B). One was desig­
nated as the highest rating for purposes of analysis. The purchaser
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was informed that they were rating forage and grain-finished beef 
but exact treatments were not known by the consumer. A total of 653 
forms or 18% of those distributed were returned by purchasers.
Laboratory panels
Laboratory panels were conducted in Experiments 2 and 4 to give 
a more objective evaluation of the palatability of forage and grain- 
finished beef. A separate six member panel was used in both experi­
ments. Both panels were trained by evaluating cuts of known flavor, 
juiciness and tenderness until they were judged to have developed 
a uniform sensitivity to small differences in the palatability charact­
eristics. In Experiment 2, rib roasts, loin steaks and round steaks 
were evaluated after freezer storage at -16 C for approximately 3 
months. All cuts were thawed in a 2 C cooler for 24 hours. The rib 
roasts were oven cooked at 150 G to an internal temperature of 60 C . 
Internal temperature measurement was by iron-constantine thermocouple 
and Honeywell multipoint recorder. Loin steaks were oven broiled for 
12 minutes on one side, then 10 minutes on the reverse side.
Round steaks were braised 4 minutes in an electric skilled at 190 C 
followed by simmering at 95 C for two hours in brown gravy consisting 
of 45 grams vegetable oil, 63 grams flour, 5 grams salt and 944 grams 
water. All cuts were trimmed of outer fat and connective tissue, cut 
into uniform samples and served warm to the panel without seasoning 
(except that used in cooking the round steak). Panelists were also 
provided with water and apple slices to clear the palate between 
samples. Tenderness, juiciness, flavor and overall acceptability
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were evaluated on a 7 point hedonic scale with one designated as the 
most favorable response (appendix B).
In Experiment 4, rib steaks, frozen for approximately three months 
were thawed in a 2 G cooler for Zk hours and then oven cooked at 177 C 
to an internal temperature of 70 C (thermocouple measurement). The 
steaks were then trimmed, cut into small uniform samples and served 
warm and unseasoned to the sensory panel. Each panelist received three 
samples from each treatment per panel for a total of eight panel ses­
sions. Tenderness, juiciness, connective tissue and flavor desirabili­
ty were evaluated on an eight point scale with one designated as the 
highest value (appendix B). In addition to muscle palatability evalu­
ation in Experiment k, a series of triangle tests were also conducted 
to detect differences in fat flavor. In preparation for this study car­
casses from veal calves were deboned, defatted, ground through a .95 cm 
plate and mixed. One hundred and fifty grams of fat (freezer stored in 
glass bottles for 3 months) from each animal were mixed with 350 grams 
of ground veal. This coarse mixture was reground through a .32 cm 
plate and frozen for approximately two weeks prior to evaluation. Veal 
loaves were oven baked on individual broiling pans at 177 C to an in­
ternal temperature of 75 C (thermocouple measurement). Samples were 
cut in grid and served on a coded plate. Water and apple slices 
were provided for the panel. Twenty-four triangle tests were conducted 
comparing fat from one animal in each treatment per test (two samples 
the same, one odd). Panelists were asked to pick the odd sample in 
each triangle test and to rate each sample for off-flavor scoring one
56
for "off-flavor present" and zero for "off-flavor absent". Off-flavor 
scoring was calculated as a percentage of the total off-flavor points 
possible per treatment at each of the eight sessions.
Chemical and Shear Tests
In Experiment b, analysis of fatty acid composition was accomp- 
plished on subcutaneous fat samples taken from above the longissimus 
at the twelfth rib and included all three layers of fat. Two grams of 
fat from each animal were extracted using the chloroform methanol pro­
cedure of Folch et al, (1957)• All solvents were analytical grade 
and were redistilled. Nitrogen was used during evaporation of solvents 
in order to minimize oxidation. Extracted fat was sealed in glass 
ampules under nitrogen until methylation could be carried out accord­
ing to the procedure of Metcalf et al. (1966) . Fatty acid methyl 
esters were analyzed on a Perkin-Elmer 990 gas chromatograph equipped 
with flame ionization detectors and with columns packed with 10% 
diethylene glycol succinate on 80/100 Supelcoport. The instrument was 
operated isothermally at 160 C using N2 carrier gas and an injector 
temperature of 250 C . Peaks were identified by comparison of their 
retention time to the retention time of known standards. Tentative 
identification of some minor constituents was made by using the parallel 
lines method of James (1959)•
Thiobarbituric acid (TBA) tests for rancidity were also carried 
out in Experiments 1, 2 and 3* Samples were taken from the subcutan­
eous fat over the rib and loin after 14- months, 8 months and 3 to 10
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months freezer storage for Experiments 1, 2 and 3» respectively. The 
method of Turner et al. (195*0 was used and absorbence at 538 my was 
measured using a Beckman DB spectrophotometer.
Muscle pH was also determined during the first three experiments 
on rib steaks frozen from 8 to 12 months. The steaks were thawed over­
night in a 2 C cooler and then a 50 gram muscle sample was blended with 
50 ml of distilled water. Each sample was blended for 1 minute after 
which the pH of the slurry was read immediately using a Beckman Phasar 
1 pH meter equipped with combination electrodes.
Wamer-Bratzler shear values were also determined during the 
first three experiments on rib steaks frozen 8 to 12 months. The 
steaks were thawed in a 2 C cooler for 24 hours and then deep fat fried 
at 135 G to an internal temperature of 70 C. After cooling to room 
temperature three 2.54 cm diameter cores were taken from each steak 
and two shear determinations were made per core. The shear values 
were recorded as kilograms force required to shear each core. An av­
erage shear value was calculated for each muscle.
Statistical Analysis
The four experiments were considered as one-way classifications 
by treatment and were analyzed by the general linear models procedure 
of SAS (Goodnight, 1979) with mean separation by orthogonal contrast. 
Table 2 gives the multipliers used in all four and five treatment 
comparisons.
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TABLE 2. COEFFICIENTS FOR ORTHOGONAL COMPARISONS
Treatments Treatments
1 2  3 ^ 5
4 -1 -1 -1 -1 
0 3 - 1 - 1  -1 
0 0 2 - 1-1
1 2  3 ^
O O l - l
3 -1 -1 -1 
0 2 - 1-1
0 0 0 1-1
The regression of palatability on marbling or backfat was examined 
by fitting marbling and backfat as covariates in the models used for 
analysis of treatment effects. The models used are given in table 3•
TABLE 3. ANALYTICAL MODELS USED FOR TREATMENT EFFECTS AND
MARBLING AND BACKFAT COVARIANCE
Analysis Model
Treatment
effect II•H + ai + Ej j
Common
covariate
effect Yfj = y + ai + $(xi:j-x..) +
Treatment
covariate










common regression coefficient 
regression coefficient within treatments 
independent variable 
overall mean of independent variable
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If the linear relationship between palatability and marbling or 
backfat was significant for one or more cuts, the regression of palat­
ability on marbling or backfat was used to generate a new set of least 
squares means adjusted to the overall average marbling or backfat lev­
el. The overall average marbling or backfat in each experiment was 
selected as the criterion for adjustment because selection of an ar­
bitrary level such as "small" amounts of marbling (Smith et al. 1977) 
would have resulted in adjustment to a level outside the range of that 
attained by some treatments making the adjustment less meaningful. 
Orthogonal contrasts were also used to compare adjusted means.
The data in Experiment 4 were analyzed as an unpaired t-test and 
correlations between palatability and fatty acid composition were also 
determined. Significant differences for triangle tests were deter­
mined according to tables given by Amerine et al.(1965).
CHAPTER IV 
RESULTS AND DISCUSSION
The effects of feeding regime on carcass characteristics, palat- 
ability ratings, chemical characteristics and shear values are pre­
sented for each of the four experiments. Experiments 1, 2 and 3 In­
clude an analysis of consumer panel ratings. Laboratory panel ratings 
were analyzed in Experiments 2 and 4. Retail panel ratings are also 
presented for Experiment 2. Experiments 1, 2 and 3 include an analysis 
of rancidity (thiobarbituric acid values), pH and Wamer-Bratzler 
shear force while fatty acid composition was analyzed in Experiment 4. 
Means tables are followed by statistical tables for each analysis.
Experiment 1
Carcass characteristics. Few statistically significant differ­
ences were determined for carcass data in Experiment 1 (tables ^ and 5)• 
Slaughter weight for the forage treatment was 25 kg lighter than the 
average slaughter weight of the treatments receiving grain, yet the 
difference was not significant. The forage cattle dressed only slight­
ly lower than the grain-fed cattle, and therefore, hot weight differ­
ences are of the same magnitude as slaughter weight differences. A 
comparison of fat thickness at the twelfth rib between the forage treat­
ment and the grain-fed treatments produced the only statistically 
significant difference (P < .05) for carcass data comparisons in this 
experiment. This difference was small (.18 cm) but is consistent with
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the findings of other workers (Oltjen et al., 1971; Utley et al., 1975)• 
Fat thickness also increased with days on feed in treatments 3» ^ and 5* 
Percent kidney fat differed only slightly among the treatments and no 
consistent trends were observed, as the lowest and the highest averages 
came from grain-fed treatments (treatments 3 and 4, respectively). 
Quality grade and marbling increased with grain feeding. However, in­
creasing the length of grain feeding from 0 to 108 days only increased 
quality grade from average Good to high Good. This amount of change 
in quality grade is consistent with the findings of Zinn et al. (1970) 
who showed that at least 120 days of concentrate feeding were required 
to increase quality by one full U.S.D.A. grade. The forage treatment 
produced the lowest average yield grade.
















No. of animals 10 10 10 10 10
Slaughter wt, kg 417.54 *1-32.73 433.40 452.50 452.70 14.21
Hot wt, kg 249.43 26*1-. 22 261.63 274.52 276.74 10.02
Dressing percent 59.60 60.90 60.30 60.80 60.80 0.70
Fat thickness, cm 0.58 0.66 0.72 0.82 0.84 0.08
2Ribeye area, cm 72.52 70.97 73.75 77.62 75-75 2.24
Percent kidney fat 2.58 2.73 2.53 3.05 2.85 0.15
Marbling13 7.80 8.60 9.30 9.30 9.50 0.77
Quality grade0 9.90 10.10 10.50 10.70 10.70 0.39
Yield grade 2.09 2.41 2.28 2.39 2.46 0.14
ctS.E. = Standard error. 
Garbling score 7-9 = slight. 
cQuality grade 9-H = good.
TABLE 5. MEAN SQUARES OF THE ANALYSIS OF VARIANCE FOR CARCASS
_____________ CHARACTERISTICS OF CATTLE IN EXPERIMENT 1
Trait
AN0Va Orthongonal contrasts
Treatment 1 vs 2 3 4- 5b 2 vs 3 4- 5 3 vs 4 5 4  vs 5 Residual
D. F. 4 ( 1) (1) ( 1) ( 1) 45
Slaughter wt 1084-1.75 24-864-. 50 6664-. 44 11900.42 1 .25 9810.17
Hot wt 5858.75 15312.50 1686.07 6344.82 120.05 4881.94
Dressing percent 2.97 9.68 0.53 1.67 0.00 4 .9 5
Fat thickness 188.75 4-20.50* 209.4-7 123.27 3.20 87.44
Riheye area 1 .65 0.77 4-.03 1 .38 0.42 1.20
Percent kidney fat 0 .45 0.36 0 .05 1.20 0.20 0.21
Marbling 4-.95 15.13 4-.4-2 0.07 0.20 5.93
Quality grade 1.32 2.88 2 .14 0.27 0.00 1.52
Yield grade 0.22 0.70 0.01 0 .14 0.02 0.19
3*Analysis of variance.
Orthogonal contrast of treatment 1 to treatments 2, 3» 4- and 5* 
*P «= .05.
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Consumer panel ratings. The evaluation of round, loin and chuck 
steaks "by a 150 household consumer panel produced no differences among 
feeding treatments when rated for tenderness, flavor and overall ac­
ceptability (tables 6 and 7). Means for these traits were all within 
the acceptable range of the scale. Although no significant treatment 
differences were determined, several comparison differences were ob­
served by orthogonal comparison. Loin steaks in treatment 2 (grain-on- 
grass) had the least tender ratings in comparison to the remaining feed- 
lot treatments. This difference (P < .05) was small, amounting to less 
than half of a scale unit for tenderness, but could have been linked 
to feeding regime in that all of the feedlot treatments received high­
er tenderness ratings for loin steaks than either the forage or grain- 
on-grass treatments. Chuck steaks in treatments 4 and 5 received more 
acceptable ratings for tenderness than treatment 3 (P < .01). However, 
this difference is not easily attributable to feeding regimes since 
both treatments one and two received higher ratings than treatment 
three. Loin steaks from the forage treatment received a significantly 
lower (P < .05) flavor rating compared to the grain-fed treatments.
This may have been a treatment difference, but it should be noted that 
the second lowest rating for flavor of loin steaks was given to treat­
ment 5, the longest feedlot treatment. The effect of marbling and 
backfat on palatability ratings was examined in this experiment by re­
gression analysis using the null hypothesis HO: 3 = 0  (appendix C).
No relationship was exhibited between marbling or backfat and palat­
ability.















No. of animals 10 10 10 10 10
1 3-50 2.98 3.58 3.00 3.03 0.29
Tenderness0 2 2.44 2.50 2.10 1.87 2.26 0.18
3 3.37 3.18 3.62 2.95 2.72 0.21
1 2.17 2.20 2.10 2.08 2.00 0.18
Flavor0 2 1.92 1.62 1.33 1.40 1.77 0.16
3 1.98 2.00 2.24 2.12 2.00 0.17
l 3.43 3.35 3.48 3.35 3.03 0.33
Overall'3' 2 2.68 2.50 2.26 2.22 2.58 0.18
3 3-30 3.20 3.49 3.43 3.07 0.25
aCut 1 = round steak, cut 2 = loin steak, cut 3 = chuck steak. 
PS. E. = Standard error.
°Rated on a 1-7 hedonic scale, 1 = highest rating.
^Rated on a 1-9 hedonic scale, 1 = highest rating.
TABLE ?. MEAN SQUARES OP THE ANALYSIS OF VARIANCE FOR CONSUMER 
    PANEL RATINGS IN EXPERIMENT 1
ANOV13 Orthogonal contrasts
Trait Cuta Treatment 1 vs 2 3 4 5C 2 vs 3 ^ 5 3 vs 4 5 4 vs 5 Residual
D.F. 4 (1) (1) (1) (1) 45
1 0.87 0.13 0.03 0.57 0.50 0.81
Tenderness 2 0.67 0.53 1.31* 0.01 0.80 0.32
3 1.24 0.50 0.06 4.12** 0.27 0.46
1 0.06 0.04 0.15 0.02 0.03 0.32
Flavor 2 0.60 1.21* 0.10 0.44 0.67 0.26
3 0.12 0.10 0.10 0.22 0.07 0.2 9
1 0.31 0.98 0.36 2.14 0.01 1.09
Overall 2 0.42 0.69 0.16 0.14 0.67 0.31
3 0.30 0.00 0.12 0.39 0.67 0.60
^ut 1 = round steak, cut 2 = loin steak, cut 3 = chuck steak. 
^Analysis of variance.






Carcass characteristics. Highly significant differences (P < .01) 
were observed for most carcass traits between each increasing level of 
grain feeding (tables 8 and 9). The difference in slaughter weight be­
tween treatments having the highest and lowest energy consumption was 
122 kg, with linear increases for increasing levels of concentrate con­
sumption. The difference in weight is also evident after slaughter, 
with observable treatment differences (P < .01) in hot weight between 
each nutritional level. Dressing percent also increased with grain 
feeding as has been reported previously (Brown, 195^)• Fat thickness 
increased with grain-feeding from .33 cm in the forage group to 1.29 cm 
in the longest-fed group. Both treatments 1 and 2 had fat thicknesses 
in the range predicted by Bowling et al. (1977) to cause "cold short­
ening" . Ribeye area also increased at each level of grain feeding 
but muscling may have been more related to carcass weight than directly 
related to energy consumption. Muscle development has been reported 
to be affected by plane of nutrition (Guenther et al., 1965; Berg and 
Butterfield, 1968). Percent kidney fat increased by more than 1% be­
tween the forage group and the 1^0 day feeding treatment, but little 
difference was observed between treatments 2 and 3• Both marbling and 
quality grade increased with grain feeding, although the increase be­
tween treatments 3 and ^ was too small to be significant. Marbling 
and quality grade have been reported to increase with grain-feeding by 
other workers (Oltjen et al., 1971; Utley et al., 1975; Jess et al., 
1976). Cutability tended to decrease with each level of grain-feeding
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as reflected "by differences in yield grade. Forage-produced cattle 
are usually trimmer than grain-finished cattle hut this advantage is 
usually partially negated hy the reduced dressing percent associated 
with forage heef (Bowling et al., 1978).














No. of animals 25 25 25 16
Slaughter wt, kg 320.06 9.53 362.79 9.53 375.22 9.53 442.26 11.91
Hot wt, kg 175.85 6.07 209.94 6.07 222.14 6.07 270.20 7.59
Dressing percent 54.88 0.34 57.76 0.34 59.60 0.34 60.94 0.42
Fat thickness, cm 0.33 0.06 0.71 0.06 0.89 0.06 1.29 0.072Ribeye area, cm 58.12 1.67 63.95 1.67 65.63 1.67 72.42 2.09
Percent kidney fat 2.21 0.11 3.18 0.11 3.19 0.11 3.42 0.14
Marbling*3 5.48 0.64 7.12 0.64 9.64 0.64 10.94 0.80
Quality grade0 8.12 0.31 9.32 0.31 10.60 0.31 11.31 0.39
Yield grade 1.92 0.10 2.44 0.10 2.62 0.10 3.11 1.12
^.E. = Standard error.
Garbling score 4-6 = Traces, 7-9 = slight, 10-12 = small. 
cQuality score 9-11 = good.
TABLE 9. MEAN SQUARES OF THE ANALYSIS OF VARIANCE FOR 
CARCASS CHARACTERISTICS OF CATTLE IN EXPERIMENT 2
Trait
AN0Va Orthogonal contrasts
ResidualTreatment 1 vs 2 3 4^ 2 vs 3 4 3 vs 4
D. F. 3 (1) (1) (1) 87
Slaughter wt 239206.40** 473874.11** I56368.6I** 213120.39** 11038.44
Hot wt 144130.78** 298411.88** 97191.90** 109552.30** 4475.88
Dressing percent 148.92** 372.96** 95.91** 17.45** 2.81
Fat thickness 4967.59** 11285.30** 3371.67** 2420.12** 134.10
Ribeye area 16,48** 36.88** 9.43* 10.82** 1.68
Percent kidney fat 6.67** 19.92** 0.24 0.52 0.32
Marbling 127.77** 254.03** 153.01** 16.42 10.25
Quality grade 42.62** 94.56** 40.80** 4.95 2.45
Yield grade 4 ,94** 11.75** 2.74** 2.41** 0.24
SLAnalysis of variance.





Consumer panel ratings. The ratings for loin, round and chuck 
steaks distributed to a 273 household consumer panel exhibited few 
treatment differences despite the very evident contrast in carcass 
characteristics (tables 10 and 11). The analysis of variance showed 
only treatment differences (P < .05) in tenderness of chuck steaks 
and juiciness of loin steaks. Mean separation by orthogonal comparison 
produced several comparison differences (P <. .05). Loin steaks in the 
treatment 2 (1% grain-on-forage) received the least desirable tender­
ness ratings for that cut and were significantly lower in tenderness 
(P «= .05) than either of the two feedlot treatments (treatments 3 and 
*0 . Chuck steaks from the forage treatment were rated the least tend­
er in comparison to chuck steaks from groups receiving grain and simi­
larly, chuck steaks from treatment 2 were rated less tender than steaks 
from either of the feedlot treatments. Flavor evaluation yielded only 
one comparison difference (P < .05); loin steaks from treatment 2 were 
rated as less desirable than steaks from the feedlot treatments. Both 
loin and chuck steaks from the forage treatment were rated less desir­
able in juiciness in comparison to loin and chuck steaks from grain-fed 
treatments. The reason for this decreased juiciness could be related 
to differences in fatness which have been reported to affect salivation 
and therefore the impression of juiciness. Cover et al. (195&) report­
ed that 25% of the variation in juiciness of loin steaks was due to 
variations in fatness. Overall satisfaction ratings exhibited no dif­
ferences among treatments for any of the cuts. Although differences 
were determined by the consumer panel, ratings were generally desirable
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for all treatments.
The effect of marbling and "backfat on palatability ratings was 
examined in this experiment by regression analysis (appendix C).
The analysis showed that palatability ratings were related to marbling 
and backfat for some cuts. Means for palatability were then adjusted 
to the average experimental marbling and backfat levels to determine 
if removal of variation due to marbling and backfat would affect the 
differences previously observed. Means adjusted for marbling and the 
analysis of variance are given in tables 12 and 13. When adjusted for 
marbling, fewer tenderness differences were observed among treatments, 
although this procedure failed to affect the difference in tenderness 
of chuck steaks between treatment 2 and the feedlot treatments. Ad­
justment of the means also produced a treatment difference in flavor; 
but this difference did not appear among the mean comparisons used. 
Adjustment failed to affect the treatment difference previously noted 
in juiciness of loin steaks. An unexplainable difference in juiciness 
of loin steaks appeared, with adjustment, between treatments 3 and. 4.
Means adjusted for backfat and the analysis of variance are given 
in tables 14 and 15. Adjustment of palatability ratings to the average 
backfat thickness seems to have been more effective in removing varia­
tion than adjustment to the average marbling level. After adjustment 
only treatment differences in the tenderness of loin and chuck steaks 
remained and these differences were not reflected in the comparisons 
chosen. Smith et al. (1977) demonstrated that adjustment for fatness 
removed some taste panel variation in a breeding experiment utilizing
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various energy regimes. It seems probable that variation in fatness 
among the feeding treatments in this experiment accounted for much 
of the variation in palatability.













No. of animals 25 25 25 16
1 2.51 0.14 2.67 0.14 2.29 0.14 2.19 0.17
Tenderness 2 3.45 0.18 3.31 0.18 2.75 0.18 2.75 0.22
3 3.37 0.16 3.34 0.16 3.19 0.16 3.31 0.20
1 2.76 0.11 2.86 0.11 2.52 0.11 2.49 0.14
Flavor 2 3-39 0.10 3.26 0.10 3.06 0.10 3.18 0.13
3 3.22 0.10 3.25 0.10 3.19 0.10 3.10 0.13
1 2.68 0.11 2.48 0.11 2.21 0.11 2.52 0.14
Juiciness 2 2.90 0.13 2.81 0.13 2.56 0.13 2.47 0.16
3 3.52 0.13 3.50 0.13 3.44 0.13 3.38 0.16
1 1.81 0.11 1.88 0.11 1.55 0.11 1.61 0.14
Overall 2 2.67 0.14 2.45 0.14 2.31 0.14 2.41 0.17
3 2.51 0.14 2.48 0.14 2.38 0.14 2.43 0.18
aRated on a 1-7 hedonic scale, 1 = highest rating.
^Cut 1 = loin steak, cut 2 = chuck steak, cut 3 = round steak. 
CS. E. = Standard error.
TABLE 11. MEAN SQUARES OF THE ANALYSIS OF VARIANCE FOR CONSUMER PANEL RATINGS IN EXPERIMENT 2
Trait Cuta
ANOVb Orthogonal contrasts
Treatment 1 vs 2 3 4° 2 vs 3 4 3 vs 4 Residual
D. F. 3 (1) (1) (1) 87
1 1.01 0.27 2.84* 0.11 0.46
Tenderness 2 3.11* 4.78* 4.86* 0.00 0.80
3 0.15 0.12 0.11 0.15 0.61
1 0.72 0.34 1.88* 0.01 0.33
Flavor 2 0.49 0.93 0.30 0.13 0.26
3 0.08 0.03 0.18 0.07 0.26
1 0.96* 1.37* 0.21 0.96 0.30
Juiciness 2 0.90 1.56* 1.30 0.80 0.39 '
3 0.08 0.11 0.12 0.03 0.40
1 0.57 0.31 1.31 0.04 0.30
Overall 2 0.55 1.36 0.13 0.08 0.48
3 0.08 0.13 0.09 0.02 0.50
^ut 1 = loin steak, cut 2 = chuck steak, cut 3 = round steak. 
^Analysis of variance.
cOrthogonal contrast of treatment 1 to treatments 2, 3 and 4. 
*P c.O 5-
TABLE 12. MEANS FOR CONSUMER PANEL PALATABILITY RATINGS3- IN













No. of animals 25 25 25 16
1 2.44 0.15 2.65 0.14 2.34 0.14 2.27 0.18
Tenderness 2 3.39 0.19 3.29 0.18 2.79 0.19 2.83 0.24
3 3.38 0,17 3.35 0.16 3.18 0.16 3.29 0.21
1 2.64 0.12 2.81 0.11 2.59 0.12 2.62 0.15
Flavor 2 3.40 0.11 3.26 0.10 3.06 0.11 3.17 0.14
3 3.25 0.11 3.26 0.10 3.16 0.11 3.06 0.14
1 2.53 0.11 2.43 0.10 2.30 0.11 2.70 0.14
Juiciness 2 2.83 0.14 2.78 0.13 2.60 0.13 2.56 0.17
3 3.53 0.14 3.53 0.13 3.43 0.13 3.37 0.17
1 1.71 0.12 1.84 0.11 1.62 0.11 1.73 0.14
Overall 2 2.62 0.15 2.43 0.14 2.34 0.14 2.46 0.19
3 2.60 0.15 2.51 0.14 2.32 0.15 2.32 0.19
aRated on a 1-7 hedonic scale, 1 = highest rating.
^Cut 1 = loin steak, cut 2 = chuck steak, cut 3 = round steak. 
CS.E. = Standard error.
TABLE 13. MEAN SQUARES OF THE ANALYSIS OF VARIANCE FOR CONSUMER
PANEL RATINGS IN EXPERIMENT 2 ADJUSTED TO OVERALL MARBLING LEVEL
Tia.it Cuta
ANOV*3 Orthogonal contrasts
Treatment 1 vs 2 3 4C 2 vs 3 4 3 vs 4 Residual
D. F. W (1) (1) (1) 86
1 0.92 0.01 1.53 0.04 0.46
Tenderness 2 2.49* 2.47 3.00* 0.01 0.81
3 0.10 0.17 "0.15 0.13 0.62
1 1.04* 0.02 0.52 0.01 0.31
Flavor 2 0.36 0.73 0.27 0.13 0.26
3 0.10 0.10 0.29 0.10 0.27
1 1.53** 0.04 0.07 1.50* 0.26
Juiciness 2 0.87 0.48 0.51 0.02 0.39
3 0.06 0.13 0.14 0.00 0.41
1 0.79 0.00 0.35 0.13 0.28
Overall 2 0.50 0.57 0.01 0.14 0.48
3 0.35 0.66 0.47 0.00 0.49
^ut 1 = loin steak, cut 2 = chuck steak, cut 3 = round steak. 
^Analysis of variance.




TABLE 14. MEANS FOR CONSUMER PANEL PALATABILITY RATINGS3, IN














No. of animals 25 25 25 16
1 2.28 0.17 2.65 0.13 2.36 0.14 2.47 0.21
Tenderness 2 3-30 0.23 3.30 0.18 2.79 0.18 2.94 0.28
3 3.30 0.20 3.33 0.16 3.22 0.16 3.41 0.25
1 2.67 0.15 2.85 0.12 2.55 0.12 2.60 0.18
Flavor 2 3.30 0.13 3.25 0.10 3.09 0.10 3.30 0.16
3 3.29 0.13 3.26 0.10 3.16 0.11 3.01 0.16
1 2.63 0.14 2.48 0.11 2.22 0.11 2.58 0.17
Juiciness 2 2.78 0.16 2.79 0.13 2.60 0.13 2.63 0.20
3 3.43 0.16 3.49 0.13 3.47 0.13 3.49 0.20
1 1.72 0.14 1.87 0.11 1.58 0.11 1.73 0.17
Overall 2 2.48 0.17 2.43 0.14 2.37 0.14 2.65 0.22
3 2.60 0.18 2.49 0.14 2.35 0.15 2.32 0.22
aRated on a 1-7 hedonic scale, 1 = highest rating.
^Out 1 = loin steak, cut 2 = chuck steak, cut 3 = round steak. 
CS. E. = Standard error.
TABLE 15. MEAN SQUARES OF THE ANALYSIS OF VARIANCE FOR CONSUMER
PANEL RATINGS IN EXPERIMENT 2 ADJUSTED TO OVERALL BACKFAT LEVEL
ANOVb Orthogonal contrasts
Trait Cuta Treatment 1 vs 2 3 4C 2 vs 3 4 3 vs 4 Residual
D. F. 4 (1) (1) (1) 86
1 1.30* 0.44 0.62 0.10 0.44
Tenderness 2 2.57* 0.79 2.22 0.17 0.80
3 0.16 0.00 0.01 0.29 0.61
1 0.62 0.00 0.87 0.02 0.33
Flavor 2 0.46 0.07 0.04 0.35 0.26
3 0.11 0.20 0.36 0.19 0.26
1 0.74 0.38 0.07 1.04 0.30
Juiciness 2 0.85 0.10 0.38 0.01 0.39
3 0.14 0.03 0.00 0.0 5 0.40
1 0.52 0.00 0.53 0.18 0.30
Overall 2 0.79 0.00 0.07 0.60 0.47
3 0.14 0.41 0.28 0.01 0.50
^ut 1 = loin steak, cut 2 = chuck steak, cut 3 = round steak. 
^Analysis of variance.
cOrthogonal contrast of treatment 1 to treatments 2, 3 and 4. 
*P < .05.
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Retail panel ratings. Because of the low number of responses for 
some cuts, cuts from a similar location were combined in the analysis 
as chuck cuts (location 1), center cuts (location 2) and round cuts 
(location 3)• Consumer ratings for beef purchased in the supermarket 
exhibited only one treatment difference (P <= .05) by analysis of vari­
ance; an overall treatment difference was detected in the flavor of 
cuts from the round (tables 16 and 17). No differences in palatability 
were detected among treatments for chuck cuts (location l). Only one 
comparison difference was observed among treatments for center cuts 
(location 2); consumers rated the forage treatment as less desirable 
in tenderness than treatments receiving grain. Ratings for round cuts 
(location 3) exhibited the greatest number of comparison differences; 
flavor, juiciness and overall satisfaction were rated lower (P *= .05) 
for the forage treatment in comparison to the treatments receiving 
grain. The reason for the greater dissatisfaction with round cuts 
from the forage treatment is not evident, especially since the house­
hold panel data does not support this finding. Malphrus et al. (1962) 
also conducted a retail type consumer panel in which forage and grain- 
finished beef was sold in retail stores. They found that consumers 
were unable to detect differences in taste, tenderness or aroma between 
treatments. In a more recent retail study, Marchello et al. (1979) 
compared beef produced on four energy levels (39, 52, 67 or 80% con­
centrate) . Few consistent differences in palatability were indicated 
for purchased beef; however, as in this study, random differences were 
observed. The consumers preferred the taste of the high energy treat­
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ment "but there were no differences in tenderness. Low response may­
be a factor affecting the reliability of retail panels in determining 
palatability differences. Regression analysis showed no significant 
relationship between marbling or backfat and palatability (appendix C).
TABLE 17. MEAN SQUARES OF THE ANALYSIS OF VARIANCE FOR RETAIL
PANEL PALATABILITY RATINGS IN EXPERIMENT 2
AN0Va Orthogonal contrasts
Trait Treatment 1 vs 2 3 2 vs 3 4 3 vs 4 Residual
D. F. 3 (1) (1)
Location 1°
(1) 76Tenderness 0.27 0.47 0.05 0.20 0.77
Flavor 0.39 0.06 0.98 0.05 0.94
Juiciness 0.05 0.12 0.01 j* 0.00 0.82
Overall 0.41 0.27 0.96 0.15 0.88
D. F. 3 (1) (1)
Location 2
(1) 93Tenderness 1.71 4.60* 0.00 0.17 0.74
Flavor 1.01 1.98 0.00 0.76 0.95
Juiciness 1.35 1.70 1.12 0.95 0.90
Overall 1.01 0.89 0.00 1.71 0.80
aAnalysis of variance.
^Orthogonal contrasts of treatment 1 to treatments 2, 3 and 4. 
cLocation 1 = chuck steaks, chuck roasts and boneless shoulder roasts.
Location 2 = T-bone steaks, rib steaks and ribeye steaks.
Location 3 = Sirloin steaks, round steaks, eye of round steaks eye of round roasts, rump roasts, 





ANOVa ___________________________ Orthogonal contrasts______
Trait Treatment 1 vs 2 3 ^  2 vs 3 ^ 3 vs 4 Residual
Location 3
D. F. 3 (1) (1) (1l 153Tenderness 0.99 0.10 0.63 2.36 0.75
Flavor 2.31* 6.66** 0.03 0.06 0.73
Juiciness 2.11 3.85 0.29 1.39 0.82
Overall 1.01 2.?8* 0.05 0.00 0.65
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Laboratory panel ratings. Ratings of loin steaks, rib roasts and 
round steaks by a six member analytical panel exhibited differences 
(P «= .05) among treatments for flavor and overall satisfaction (tables 
18 and 19). Mean separation by orthogonal comparison indicated a dif­
ference (P «=. .01) in flavor of loin steaks between the forage treatment 
and treatments receiving grain. A significant difference (P < .05) 
was also observed between treatment 2 (grain-on-grass) and the two 
feedlot treatments. A difference (P <=■ .01) in overall satisfaction 
was determined between the forage treatment and the three treatments 
receiving grain, with the latter preferred over the forage treatment. 
Comparison differences were observed for tenderness and juiciness; the 
tenderness of round steaks from treatment 2 were preferred over the re­
maining two feedlot treatments. The juiciness of the loin steaks was 
less desirable from the forage treatment compared to the remaining 
grain-fed treatments, but the reverse was true in the comparison of the 
juiciness of rib roasts. Juiciness of rib roasts from the forage treat­
ment were rated as more desirable than roasts from the grain-fed treat­
ments .
Regression analysis showed a relationship between laboratory rat­
ings and backfat (appendix C). Means adjusted to the overall backfat 
rating and the analysis of variance are given in tables 20 and 21. Ad­
justment of means to the average backfat rating did not remove enough 
variation to change the trend of differences observed prior to adjust­
ment. In fact, more differences were observed in tenderness and juici­
ness after adjustment. The difference between the forage treatment and
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the remaining feedlot treatments in overall satisfaction of loin steaks, 
previously significant at the .01 level was non-significant after ad­
justment. However, the differences observed in loin steak flavor de­
termined prior to adjustment were unchanged by adjustment of the means. 
There is no credible interpretation for the new differences observed 
except that it is evident that backfat had little effect on the palat­
ability ratings of this panel and certain random differences may have 
been magnified by this procedure. Smith et al. (1979) reported unex­
plainable differences in palatability ratings after adjustment to 
longissimus muscle fatness. Adjustment of panel ratings for marbling 
differences was not justified in this experiment (appendix C).














No, of animals 25 25 25 16
1 3.82 0.23 3.90 0.23 3.55 0.23 3.78 0.28
Tenderness 2 2.97 0.22 3.35 0.22 3.17 0.22 3.07 0.28
3 3.61 0.21 3-52 0.21 4.02 0.21 4.16 0.26
1 4.33 0.10 3.83 0.10 3.57 0.10 3-56 0.13
Flavor 2 3.33 0.09 3.53 0.09 3.44 0.09 3.45 0.11
3 3.81 0.08 3.64 0.08 3.67 0.08 3.65 0.10
1 4.17 0.17 3.84 0.17 3.85 0.17 3.60 0.21*
Juiciness 2 3.15 0.18 3.71 0.18 3.49 0.18 3.49 0.22
3 4.41 0.14 4.42 0.14 4.44 0.14 4.48 0.18
1 4.36 0.14 4.04 0.14 3.72 0.14 3.94 0.18
Overall 2 4.41 0.11 3.63 0.11 3.59 0.11 3.53 0.14
3 3.89 0.11 3.81 0.11 3.89 0.11 3.96 0.12
^Rated on a 1-7 scale, 1 = highest rating.
^Cut 1 = loin steak, cut 2 = rib roasts, cut 3 = round steak. 
CS.E. = Standard error.
TABLE 19. MEAN SQUARES OF THE ANALYSIS OF VARIANCE FOR LABORATORY
PANEL PALATABILITY RATINGS IN EXPERIMENT 2
Trait Cuta
AN0Vb Orthogonal contrasts
Treatment 1 vs 2 3 2 vs 3 ^ 3 vs 4 Residual
D. F. 3 (1) (1) (1) 81
1 0.59 0.10 0.88 0.34 1.27
Tenderness 2 0.66 0.97 0.81 0.09 1.21
3 2.04 1.53 4.91* 0.18 1.10
1 2.31** 6.03** 1.05* 0.00 0.26
Flavor 2 0.17 0.38 0.10 0.00 0.19
3 0.18 0.28 0.08 0.18 0.16
1 1.10 2.85* 0.25 0.37 0.68
Juiciness 2 1.37 3.1/** 0.73 0.00 0.77
3 0.02 0.02 0.02 0.01 0.49
1 1.79* 3.84** 0.70 0.49 0.50
Overall 2 0.22 0.52 0.06 0.04 0.32
3 0.08 0.00 0.20 0.03 0.28
^ut 1 = loin steak, cut 2 = rib roast, cut 3 = round steak.
^Analysis of variance.




TABLE 20. MEANS FOR LABORATORY PANEL PALATABILITY RATINGS3, IN














No of animals 25 25 25 16
1 3.47 0.28 3.87 0.22 3.66* 0.23 4.22 0.35
Tenderness 2 2.56 0.27 3.31 0.21 3.30 0.22 3.58 0.34
3 3.28 0.26 3.49 0.21 4.12 0.21 4.57 0.33
1 4.4-3 0.13 3.85 0.10 3.51 0.10 3.32 0.16
Flavor 2 3.28 0.11 3.52 0.09 3.46 0.09 3.51 0.14
3 3.72 0.10 3.63 0.08 3.81 0.08 3.76 0.12
1 3.96 0.21 3.83 0.16 3.91 0.17 3.86 0.26
Juiciness 2 3.01 0.22 3.70 0.18 3.53 0.18 3.65 0.27
3 4.00 0.16 4.38 0.13 4.57 0.13 4.99 0.20
1 4.28 0.18 4.03 0.14 3.74 0.15 4.04 0.22
Overall 2 3.29 0.14 3.62 0.11 3.63 0.12 3.68 0.18
3 3.67 0.13 3.78 0.10 3.95 0.11 4.22 0.16
^ated on a 1-7 scale, 1 = highest rating.
^Cut 1 = loin steak, cut 2 = rib roasts, cut 3 = round steak. 
CS.E. = Standard error.
TABLE 21. MEAN SQUARES OF THE ANALYSIS OF VARIANCE FOR LABORATORY PANEL PALATABILITY
RATINGS IN EXPERIMENT 2 ADJUSTED TO THE OVERALL BACKFAT LEVEL______
Trait Cuta
ANOV13 Orthogonal contrasts
Treatment 1 vs 2 3 4C 2 vs 3 4 3 vs 4 Residual
D. F. 4 (1) (1) (1) 86
1 1.71 1.82 0.05 2.56 1.24
Tenderness 2 2.23 6.50* 0.21 0.65 1.15
3 2.65* 5.57* 8.72** 1.59 1.06
1 2.11** 6.86** 2.20** 0.27 0.25
Flavor 2 0.15 0.45 0.02 0.03 0.19
3 0.22 0.00 0.27 0.02 0.15
1 1.27 0.08 0.04 0.02 O.67
Juiciness 2 1.20 3.^5 0.13 0.11 0.77
3 1.75** 3.79** 1.92* 1.45 0.42
1 1.40* 1.10 0.25 0.72 0.50
Overall 2 0.32 1.13 0.02 0.02 0.32
3 0.52 0.89 1.08* 0.59 0.26
^ut 1 = loin steak, cut 2 = rib roasts, cut 3 = round steak. 
^Analysis of variance.






Carcass characteristics. Analysis of variance showed overall 
treatment differences in characteristics mainly associated with fatness 
(tables 22 and 23). A difference (p «= .01) was observed in dressing 
percent with treatment 2 (grain-on-grass) carcasses exhibiting the 
highest dressing percent. Orthogonal comparison showed a comparison 
difference (P < .01) between treatment 2 and the remaining grain-fed 
treatments. Overall treatment differences (P «=, .05) were also shown 
for fat thickness, percent kidney fat, marbling and quality grade, 
and for each of these traits, only the comparison between the forage 
treatment and the three grain-fed treatments was shown to be signifi­
cantly different (P < .05). In each case, the forage treatment had 
less fat than the remaining three treatments. The forage treatment 
also produced carcasses with smaller (P < .05) ribeyes than the car­
casses of grain-fed cattle as determined by orthogonal comparison.
Few carcass differences were observed among grain-fed treatments.
Moody (1976) stated that variation in carcass composition will be ob­
tained more often by varying slaughter and mature weight rather than 
by varying planes of nutrition. The relatively few carcass differences 
observed in this study can probably be attributed to the use of a 
slaughter weight endpoint.
Consumer palatability ratings. Consumer ratings by a 168 house­
hold panel exhibited no overall treatment differences (tables 2k and 
25). All palatability characteristics were acceptable according to the 
continuum of the 7-point rating scale. The only comparison difference
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was for flavor of loin steaks; loin steaks from treatment two ( grain - 
on-grass) were rated most desirable in comparison to the remaining 
grain-fed treatments. Hunt et al. (1953) concluded that forage and 
grain-finished beef are equal in palatability if fed to a similar 
fatness. However, Young and Kauffman (1978) observed more desirable 
palatability ratings for silage-fed cattle over grain-fed cattle when 
a 1 cm backfat endpoint was used. Regression analysis indicated no 
relationship between palatability ratings and marbling or backfat 
(appendix C).















No. of animals 14 14 14 14
Slaughter wt, kg 438.21 442.58 457.33 442.26 9.79
Hot wt, kg 262.38 266.26 266.36 257.64 5-95
Dressing percent 59.78 60.14 58.36 58.29 0.38
Fat thickness, cm 0.83 1.22 1.04 1.22 0.08
Riheye area, cm^ 63.41 68.30 68.62 66.36 1.46*
Percent kidney fat 2.57 3.17 2.99 3.17 0.13
Marbling0 8.29 9.93 11.14 11.79 0.82
Quality grade^ 9.57 10.57 10.92 12.64 0.73
Yield grade 2.89 3.17 2.99 3.17 0.13
a60 days of 1% grain on forage followed "by 70 days feedlot. 
^S. E. = Standard error.
cMarbling score 7-9 = slight, 11-13 = small.
^Quality grade 9-H = good, 12-14 = choice.
TABLE 23. MEAN SQUARES OF THE ANALYSIS OF VARIANCE FOR CARCASS
_____________ CHARACTERISTICS OF CATTLE IN EXPERIMENT 3_______
AN0Va Orthogonal contrasts
Trait Treatment 1 vs 2 3 ^ 2 vs 3 4 3 vs 4 Residual
D. F. 3 (1) (1) (1) 52
Slaughter wt 4793.45 4252.45 2357.^ 7722.32 6516.96
Hot wt 1154.59 50.00 823.44 2584.32 2409.03
Dressing percent 12.90** 7.83 30.96** 0.04 2.04
Fat thickness 7.59** 18.27** 1.14 3.43 1.55
Riheye area 1.92 Z4..7JL4,* 0.15 0.86 0.72
Percent kidney fat 1.02** 2.94** 0.07 0.04 0.24
Marbling 33.19* 75.13** 22.01 2.89 9.46
Quality grade 22.90* 3̂ .86* 13.76 20.57 7.52
Yield grade 0.27 0.51 0.07 0.22 0.25
aAnalysis of variance.
^Orthogonal contrast of treatment 1 to treatments 2, 3 and 4. 
*P <.05.
**P <.01.













70 days feedlot S.E/*
No. of animals 14 14 14 14
1 2.64 2.68 3.04 2.89 0.21
Tenderness 2 3.14 3.14 '3.05 3.10 0.23
3 3.92 3.69 3.40 3-75 0.24
1 2.62 2.40 2.83 2.79 0.15
Flavor 2 3.02 2.87 2.99 3.14 0.13
3 3.16 3.04 2.82 3.02 0.16
1 2.62 2.34 2.80 2.70 0.19
Juiciness 2 2.?2 2.68 2.94 2.88 0.13
3 3.53 3.63 3.68 3.59 0.23
1 1.91 1.93 2.17 2.26 0.17
Overall 2 2.61 2.38 2.61 2.60 0.16
3 2.75 2.69 2.28 2.77 0.19
aRated on a 1-7 hedonic scale, 1 = highest rating.
^Cut 1 = loin steak, cut 2 = chuck steak, cut 3 = round steak. 
c60 days 1% grain on forage followed hy 70 days feedlot.
^S.E. = Standard error.
TABLE 25. MEAN SQUARES OF THE ANALYSIS OF VARIANCE FOR CONSUMER PANEL RATINGS IN EXPERIMENT 3
Trait Cuta
ANOVh Orthogonal contrasts
Treatment 1 vs 2 3 4C 2 vs 3 4 3 vs 4 Residual
D. F. 3 (1) (1) (1) 52
1 0.50 0.59 0.75 0.16 0.62
Tenderness 2 0.02 0.02 0,03 0.01 0.74
3 0.65 0.96 0.13 0.87 0.81
1 0.53 0.03 1.55* 0.01 0.32
Flavor 2 0.18 0.01 0.36 0.17 0.23
3 0.29 0.44 0.13 0.29 0.35
1 0.53 0.00 1.51 0.07 0.51
Juiciness 2 0.21 0.13 0.48 0.02 0.24
3 0.05 0.11 0.00 0.05 0.76
1 0.4-1 0.45 0.73 0.06 0.42
Overall 2 0.19 0.07 0.49 0.00 0.37
3 0.74 0.29 0.26 1.68 0.48
^ut 1 = loin steak, cut 2 = chuck steak, cut 3 = round steak, 
^Analysis of variance
cOrthogonal contrast of treatment 1 to treatments 2, 3 and 4.
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Experiment k
Carcass characteristics. Most carcass traits were different 
(P < .01) between treatments in Experiment k with the exception of the 
hot weight and yield grade (tables 26 and 27). The forage cattle were 
39 kg heavier than the grain-fed cattle at slaughter but the latter 
had a higher dressing percentage resulting in a similar hot weight 
between the two treatments. The grain-fed cattle had greater fat thick­
ness, percent kidney fat and marbling. Ribeye area was also greater 
for the grain-fed cattle; muscle development has been shown to be af­
fected by ration energy level (Guenther et al., 1965), but breed dif­
ferences between treatments could also have affected this trait. Be­
cause carcass maturity was approximately the same for the two groups, 
quality grade differences reflect primarily the differences in marbling 
between the two groups. Average quality grade for the forage-finished 
cattle was low Good, while the grain-finished cattle graded high Good. 
Cutability, as determined by yield grade, was slightly higher for the 
forage-finished cattle, but this difference was not statistically 
significant.
Animals for each treatment came from separate experiments with 
slaughter weight used as the major criteria for selection. A similar 
hot weight was obtained between treatments but there were differences 
in fatness. Breeding was different among treatments, and may have in­
fluenced fatness. However, the forage-produced animals were chrono­
logically older and had more British breeding which might have been 
expected to increase carcass fatness in this group. Therefore, the
differences in finish observed were probably due to plane of nutrition 
rather than other influences.








No. of animals 2k 2k
Slaughter, wt, kg 481.0^ 5.72 kk2.k9 9.16
Hot wt, kg 255.35 2.9k 267.76 6.70
Dressing percent 53.00 0.35 60.50 0.90
Fat thickness, cm 0.53 0.0^ 1.22 0.09
pRibeye area, cnr 61. ̂-9 1.31 71.98 1.1k '
Percent kidney fat 2.06 0.07 2.91 0.11
Marbling*3 *K70 0.3̂ 9.k6 0.66
Quality grade0 8.63 0.18 10.66 0.3^
Yield grade 2.57 0.09 2.95 0.13
fs.E. = Standard error.
Garbling score ^-6 = traces, 7-9 = slight. 
°Quality grade 6-8 = standard, 9-H = good.













Slaughter wt Unequal 38.6a -3.57 .0010
Hot wt Unequal 31.6a 1.69 .1001
Dressing percent Unequal 29.6a 7.77 .0001
Fat thickness Unequal 32.9s- 6.67 .0001
Ribeye area Equal 46.0 6.01 .0001
Percent kidney fat Unequal 39. la 6.27 .0001
Marbling Unequal 34.4a 6.43 .0001
Quality grade Unequal 34.6a 5.27 .0001
Yield grade Equal 46.0 2.42 .0194
aSatterthwaite's approximation for degrees of freedom.
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laboratory panel ratings. Ratings for rib steak palatability by 
a six member analytical panel exhibited only one significant difference 
(P «=. .01) among palatability traits; panelists rated the forage pro­
duced steaks less desirable in flavor than steaks from grain-fed cat­
tle (tables 28 and 29). Steaks from the latter treatment had an av­
erage rating between "moderately desirable" and "slightly desirable," 
and steaks from the forage treatment had an average rating between 
"slightly desirable" and "slightly undesirable." Tenderness, juiciness 
and connective tissue scores averaged about 5 tor both treatments, 
equivalent to a rating of "slightly tender," "slightly juicy," and 
"slight" for each trait, respectively. Differences in breeding and 
chronological age apparently had little effect on these palatability 
characteristics. O'Connell et al. (197^) reported that steaks from 
Brahman cattle were less tender than steaks from British-breed cattle; 
however, in this experiment, both treatments had Brahman cross-bred 
cattle. Tenderness has been shown to be little affected by chronolog­
ical age within the age range of cattle used in this experiment (Carrol 
al., 1976). The similar treatment ratings for connective tissue may 
reflect the low amount of connective tissue in the longissimus muscle, 
and hence, the difficulty in panel assessment as shown by Kim et al. 
(1967). Regression analysis showed no significant relationship 
between marbling or backfat and palatability (appendix C).
Comparison of fat flavor by triangle test (table 30) showed a 
detectable difference (p < .05) in flavor at seven of the eight sessions 
conducted. Meyer et al. (i960) and Harrison et al. (1978) also report­
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ed differences in the flavor of fat from forage and grain-finished beef 
in direct tasting experiments. Off-flavor scoring also indicated 
a difference in flavor (table 31)• The panelists scored the grain 
treatment more favorably, generally giving fewer off-flavor points 
to this treatment. The grain treatment received a lower percentage 
of off-flavor points in six of eight testing sessions, but there was 
a substantial difference in percentages at only half of the sessions.







No. of animals 24 24
Tenderness 4.90 0.15 5.02 0.17
Flavor 4.46 0.13 5-57 0.10
Juiciness 5.17 0.15 5.03 0.19
Connective tissue 4.86 0.15 4.86 0.16
c lRated on a 1-8 hedonic scale, 8 = highest rating. 
S.E = Standard error.













Tenderness Equal 46 -0.55 0.5872
Flavor Equal 46 -6.71 0.0001
Juiciness Equal 46 -O.58 0.5649
Connective tissue Equal 46 -0.01 0.9939
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TABLE 30. RESULTS OF TRIANGLE TEST FOR EFFECT OF FAT ON FLAVOR
Session 
No. .
No. of three- 
sample tests 
presented per session
No. of correct 











TABLE 31. OFF-FLAVOR SCORING OF TRIANGLE TEST SAMPLES
Session % of samples presented at each session













panelists scored each sample for off-flavor with 0 = "off-flavor 
absent" and 1 = "off-flavor present". Figures represent percentage 
of possible off-flavor points given per treatment by all panelists 
at each panel session. Off-flavor was defined to the panelist as any 
flavor characteristic of the sample not considered to be desirable 
beef flavor.
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Chemical and Instrumental Analysis 
Experiment 1
TBA, pH and shear values. Analysis of thioharbituric acid (TBA), 
pH and Wamer-Bratzler shear force produced no overall treatment dif­
ferences by analysis of variance (tables 32 and 33)• Only one compar­
ison difference was observed; the pH of muscle from the forage treat­
ment was higher in comparison to the remaining grain-fed treatments, 
however, the difference was small. Muscle with a high pH has been 
shown to be more tender than muscle with a low pH (Lewis et al., 1962). 
TBA values were relatively high reflecting the long storage period 
(14 months) before analysis. Shear values were very similar among 
treatments and this result is consistent with the consumer evaluation 
for tenderness which showed few differences.
Experiment 2
TBA, pH and shear values. Chemical analysis showed overall treat­
ment differences (P < .01) in both TBA and pH in this experiment 
(tables 34 and 35)• Mean separation by orthogonal comparison indicated 
treatment 2 (grain-on-grass) to have the lowest average TBA value in 
comparison to the feedlot treatments. Both treatments 1 and 2 had 
lower average TBA values than the feedlot treatments, however, this 
statistical comparison was not made. Brown et al. (1979) also reported 
that TBA values increased with ration energy level and with time in 
storage. The compound measured by the TBA test is one of the breakdown
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products of unsaturated fatty acid oxidation, and hence, the lower TBA 
values obtained with forage-fed beef probably reflect the relative 
difference in fatty acid saturation between forage and grain-finished 
beef; forage beef has been shown to be more saturated than grain- 
finished beef (Waldman et al., 1968; Dinius et al., 1976; Westerling 
and Hedrick, 1979)•
Orthogonal comparison showed a difference (P «= .01) in pH between 
the forage treatment and the remaining grain-fed treatments with the 
former exhibiting the highest muscle pH. The same trend was shown in 
Experiment 1, but the difference in Experiment 2 is much greater. The 
reason for the higher pH of muscle from forage beef is unclear. A 
metabolic explanation might be that forage beef carcasses chill faster 
due to less fat cover, therefore, allowing less time for lactic acid 
production. Another explanation might be the lack of human contact 
of forage cattle until slaughter, therefore, they are more excitable 
with the result that muscle glycogen stores are depleted antemortem.
There was no significant difference in Wamer-Bratzler shear 
values obtained for loin steaks in Experiment 2. Both consumer and 
retail panel ratings exhibited differences in tenderness favoring the 
grain-fed treatments, but these results were not confirmed by shear 
evaluation.
Experiment 3
TBA, pH and shear. Analysis of TBA, pH and Wamer-Bratzler shear 
force produced no overall treatment differences in this experiment
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(tables 36 and 37)• Only one treatment difference (P <; .05) was ob­
served; TBA values were lowest for the forage treatment in comparison 
to grain-fed treatments. This result is consistent with the results 
of Experiment 1 and 2 in which the forage treatments also produced 
the lowest TBA values. In this experiment, however, there was less 
difference in fatness among the treatments. Therefore, if this lower 
TBA value is a result of fatty acid saturation differences, type of 
diet is more likely to be responsible than fatness differences. There 
was almost no difference in the muscle pH in this experiment in con­
trast to Experiments 1 and 2. Also, no differences were observed in 
Wamer-Bratzler shear force among treatments. This result is in agree­
ment with the consumer panel evaluation of tenderness which also showed 
no differences among treatments.
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TABLE 32. MEANS FOR THIOBARBITURIC ACID (TBA),















No. of animals 10 10 10 10 10
TBAb 0.70 0.46 0.52 0.62 0.68 0.08
pH 5.56 5-54 5.50 5.50 5.50 0.02
Shear (kg) 8.78 9.02 9.14 8.80 8.52 0.49
clS.E. = Standard error. 
^Absorbence at 538 my.
TABLE 33. MEAN SQUARES OF THE ANALYSIS OF VARIANCE FOR 
THIOBARBITURIC ACID (TBA) pH AND SHEAR IN EXPERIMENT 1




1 vs 2 3 
4 5b
2 vs 3 
4 5
3 vs
4 5 4 vs 5
Resid­
ual
D. F. 4 (1) (1) (1) (1) 45
TBA 0.10 0.12 0.16 0.10 0.02 0.06
pH 0.01 0.02* 0.01 0.00 0.00 0.003
Shear 0.56 0.07 0.30 1.53 0.37 2.36
^Analysis of variance.
Orthogonal contrast of treatment 1 to treatments 2, 3> 4 and 5* 
*P <.05.
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TABLE 34. MEANS FOR THIOBARBITURIC ACID (TBA)















animals 25 25 25 16
TBA13 0.2 7 0.02 0.24 0.02 0.35 0.02 0.33 0.03
pH 5.84 0.03 5.65 0.03 5.63 0.03 5.64 0.03
Shear (kg) 9.76 0.34 10.19 0.34 10.17 0.34 10.45 0.43
aS.E. = Standard error. 
^Absorbence at 538 my.
TABLE 35- MEANS SQUARES FOR THIOBARBITURIC ACID (TBA), 
__________________ pH AND SHEAR IN EXPERIMENT 2_______
ANOVa  ORTHOGONAL CONTRASTS
Trait Treatment 1 vs 2 3 4b 2 vs 3 4 3 vs 4 Residual
D.F. 3 (1) (1) (1) 87
TBA 0.06** 0.02 0.14** 0.00 0.01
pH 0.24** 0.70* 0.00 0.00 0.02
Shear 1.72 4.70 0.21 0.75 2.96
aAnalysis of variance




TABLE 36. MEANS FOR THIOBARBITURIC ACID (TBA), pH
________________ AND SHEAR IN EXPERIMENT 3_______
___________ Treatments_________ ______









No. of animals 14 14 14 14
TBAb 0.12 0.18 0.18 0.24 0 .03
PH 5.51 5.51 5.^9 5.^9 0.01
Shear (kg) 18.82 19.44 18.52 19.30 0.80
aAbsorbence at 538 mp. 
^S.E. = Standard error. *
TABLE 37. MEAN SQUARES OF THE ANALYSIS OF VARIANCES FOR 
THIOBARBITURIC ACID. TBA. pH AND SHEAR IN EXPERIMENT 3
ANOVa __________ Orthogonal contrasts
Trait Treatment 1 v s  2 3 ^ 2 vs 3 4 3 vs 4 Residual
D. F. 3 (1) (1) (1) 52
TBA 0 .04 0 .08* 0.01 0.04 0.01
PH 0.001 0.001 0.002 0.000 0.001
Shear 2.45 0.76 2 .49 4 .17 8.93
^Analysis of variance.




Analysis of fatty acid composition was the only chemical compar­
ison made in this experiment (tables 38 and 39)• In general, fat from 
the grain-finished steers was less saturated than fat from the forage- 
finished steers. Grain feeding has been shown to reduce saturation of 
fatty acids by many workers (Cabezas et al., 1965; Miller et al., 1967; 
Rumsey et al., 1972; Sumida et al., 1972; Ray et al., 1975; Brown et 
al., 1979). Differences were most noticeable in 18 carbon fatty acids, 
with the fat from the grain-finished group containing less (P *= .01) 
C18:0 (stearic acid), more (P «= .01) C18:1 (oleic acid) and more 
(P < .01) 018:2 (linoleic acid) than fat from the forage-finished group. 
Less (P < .01) C18:3 (linolenic acid) was found in fat from the grain- 
finished group than in fat from forage-finished cattle. Brown et al. 
(1979) also reported lower C18:3 (linoleic acid) in the fat of grain- 
finished cattle than in forage-finished cattle, however, the results of 
Westerling and Hedrick (1979) exhibited no difference in the concen­
tration of this compound due to diet. More Cl6:l (palmitoleic acid) 
was found in the grain-fed treatment, although the difference (P <=; .01) 
was only about 1%. The largest differences were exhibited between 
treatments for C18:0 (stearic acid) and 018:1 (oleic acid), about 6 to 
7%> Neither Cl6:0 (palmitic acid) nor Cl4:0 (myristic acid) differed 
significantly between treatments. Several fatty acids with odd-num­
bered carbon chains as well as branched chains were also identified.
More (P < .01) 015:0 (pentadecanoic acid) and 017:0 (heptadecanoic 
acid) was found in fat from forage-finished steers than in fat from
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grain-finished steers contributing to the difference in saturation be­
tween treatments. Isomyristic (ll^:0) and isopalmitic acid (ll6:0) 
were found in greater quantity in fat from the forage treatment, how­
ever, more 118:0 (isostearic acid) was found in fat from the grain 
treatment.
Fatty acid and palatability trait correlations are given in table 
40. Except for a significant (p«= .05) negative correlation of 018:1 
(oleic acid) with juiciness, flavor is the palatability trait exhibit­
ing the most relationship to fatty acid composition. Cobb et al. (1969) 
reported that flavor scores were positively correlated with 018:1 
(oleic acid) and negatively correlated with C18:0 (stearic acid).
These data exhibit a similar relationship5 flavor was positively 
correlated (.60, P < .01) with C18:l (oleic acid) and negatively corre­
lated (-65, P*= .01) with C18:0 (stearic acid). Most of the 18 carbon 
fatty acids had a high correlation with flavor. Fatty acids less than 
18 carbons in length usually had lower correlation to flavor than the 
18 carbon fatty acids. Several fatty acids found in low concentration 
in either treatment had high correlations to flavor. Among them, Cl8:3 
(linolenic acid) with a negative correlation coefficient (-65, P .05), 
has been investigated by other workers as a flavor producer. Brown 
et al. (1979) suggested that the increased levels of 018:3 (linolenic 
acid) in forage beef might be responsible for volatiles affecting 
flavor. Other workers have shown that C18:2 (linoleic acid) could 
alter the flavor of lamb when fed in high levels in the diet (Ford 
et al., 1975)• Despite the evident link between fatty acid composition
113
and flavor, this relationship may he indirect and other factors may 
he responsible for the flavor difference observed in this study.
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TABLE 38. PERCENT FATTY ACID COMPOSITION OF SUBCUTANEOUS




































aS.E. = Standard error.
^Tentative identification made by logarithmic plot.










Lauroleic ( 12:1) Equal 43.0 1.13 0.2634
Myristic ( 14:0) Equal 43.0 0.64 0.5280
Isomyristic (114:0) Equal 43.0 7.02 0.0001
Myristoleic ( 14:1) Equal 43.0 -2.86 0.0064
Pentadecanoic ( 15:0) Equal 43.0 2.85 0.0067
Palmitic ( 16:0) Unequal 35.4a 1.91 0.0652
Isopalmitic (116*0) Unequal 37.2a 7.99 0.0001
Palmitoleic ( 16:1) Equal 43.0 -5.94 0.0001
Heptadecanoic ( 17:0) Equal 43.0 2.09 0.0436
Stearic ( 18:0) Unequal 34.6a 9.35 0.0001
Isostearic (118:0) Unequal 35.5a -5.48 0.0001
Oleic ( 18:1) Unequal 33.5a -7.71 0.0001
Linoleic ( 18:2) Unequal 31.3a -13.20 0.0001
Linolenic ( 18:3) Equal 43.0 11.09 0.0001
^atterthwaite's approximation for degrees of freedom.
TABLE 40. CORRELATION COEFFICIENTS FOR FATTY ACID AND PALATABILITY CHARACTERISTICS
1 2 3 4 5 6 7 8 9
1. Flavor
2. C. T.a .01
3. Juiciness .06 .18
4. Tenderness .20 .75 .18
5. Lauroleic -.20 .01 .18 .10
6. Myristic -.17 .10 .23 .08 .3$*
7. Isomyristic -.54** .00 .18 -.01 .62** .18
8. Myristoleic .31* .00 .06 .00 .06 .38** -.79
9- Pentadecanoic -.42** -.23 -.02 -.22 .17 -.05 .44** -.01
10. Palmitic -.15 -.21 .36 -.11 .17 .40** .18 -.10 .16
11. Isopalmitic -.61** .08 .17 .03 .40** .19 .82** -.19 .53**
12. Palmitoleic .55** -.15 .04 -.03 -.18 .14 -.49** .78** -.10
13. Heptadecanoic _,zn** -.02 -.13 -.08 .02 -.37* .27 .37** .72**
14. Stearic -.65** .18 .07 .05 .20 -.02 .63** -.66** .22
15* Isostearic .41** .19 -.28 -.08 .15 -.32* -.47** .39* .16
16. Oleic .60** -.05 -.34* .01 -.35* -.38** -.65** .34* -.37*
17. Linoleic .65** .09 -.11 .07 -.22 -.20 -.63** .28 -.41**






10 11 12 13 14 15 16 17
10. Palmitic
11. Isopalmitic .16
12. Palmitoleic -.21 -.46**
13* Heptadecanoic -.02 .36* -.39**
14. Stearic .20 .66** -.92** .35*
15. Isostearic -.48** -.43** .68** .23 -.74**
16. Oleic -.69** -.67** .67** -.26 -.78** .76**
17. Linoleic -.48** -.69** .58** -.26 -.72** .60** .78**
18. Linolenic .11 .77** -.51** .37* .63** -.43** -.59** -.68**
18




Four experiments comparing "beef produced on forage to that pro­
duced on various levels of grain were conducted to evaluate consumer 
acceptance, organoleptic traits as well as certain chemical and phys­
ical characteristics. Feeding regimes were forage, grain-on-forage 
and ad libitum grain diets. In Experiments 1 and 2, cattle were fed to 
constant age endpoints while in Experiments 3 and k a constant weight 
endpoint was used.
Analysis of carcass characteristics showed that fatness was most 
affected by feeding regime. Fat thickness at the twelfth rib was 
significantly lower in the forage treatment than in grain-fed treat­
ments in all experiments. Forage and limited-grain feeding usually 
produced lighter carcass with lower dressing percents but higher cut- 
ability than grain feeding. Muscling, as indicated by ribeye area, 
was enhanced by grain feeding in three out of four of the experiments. 
Marbling and quality grade were usually higher in grain-fed treatments, 
but U.S.D.A. quality grade rarely was different by more than one grade 
unit within treatment ranges. Percent kidney fat also increased with 
grain feeding, but this trait exhibited a more variable response to 
grain-feeding than did fat thickness.
Although some differences were noted, consumer panel ratings 
generally indicated that meat from all feeding regimes was acceptable.
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Analysis of variance showed no treatment differences in consumer panel 
ratings in Experiments 1 and 3 and. only differences in tenderness and 
juiciness in Experiment 2. Orthogonal contrast produced comparison 
differences which were usually limited to comparisons of the forage 
to grain-fed treatments or grain-on-grass to feedlot treatments. By 
these contrasts, flavor and tenderness were usually most desirable in 
grain-fed treatments. Flavor differences were most often detected for 
loin steaks; however, retail panel ratings in Experiment 2 exhibited a 
difference in flavor of cuts from the round with the grain treatments 
preferred. Few palatability differences were observed in Experiment 3 
in which cattle were fed to a constant weight endpoint. Regression 
analysis and adjustment of consumer panel ratings to the average 
marbling and backfat removed some variation from consumer ratings in 
Experiment 2.
Laboratory panels conducted in Experiment 2 and 4 determined 
differences in flavor with preference for grain-fed beef. Flavor dif­
ferences were observed only for loin steaks in Experiment 2. Analysis 
of variance also showed that grain-fed treatments were preferred over 
the forage treatment for overall satisfaction in Experiment 2. Com­
parison treatment differences in tenderness and juiciness were observed 
in Experiment 2, but only flavor was different in Experiment 4. The 
results of triangle tests in Experiment 4 also indicated a difference 
in the flavor of fat between forage and grain treatments with the 
grain treatment preferred.
120
Analysis of thiobarbituric acid (TBA) values, pH and shear in 
Experiments 1, 2 and 3 showed that forage beef generally incurred less 
rancidity with time in storage and had a higher pH value than grain- 
fed beef. Wamer-Bratzler shear values exhibited only slight varia­
tion among treatments for all experiments. Patty acid analysis in 
Experiment 4 indicated that subcutaneous fat from the forage beef was 
more saturated than fat from the grain treatment and that most of the 
differences in fatty acid composition between the two treatments were 
between the 18 carbon fatty acids. Differences in saturation seemed 
to be most related to treatment differences in C18:0 (stearic acid) and 
018:1 (oleic acid). Correlations between fatty acid composition and 
palatability indicated that flavor was the palatability trait most 
related to fatty acid differences and 18 carbon fatty acids exhibited 
the highest correlations.
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Ingredient Percentage International number
Ground yellow com 67% IRN 4-02-932
Cottonseed hulls 1 % IRN 1-01-599
Cottonseed meal 10jg IRN 5-01-609
Urea 1% IRN 5-05-070
Calcium carbonate 1% IRN 6-01-069
Salt 1% IRN 6-04-152
Molasses % IRN 4-04-696
^•Similar for Experiments 1, 2, 3t and 4 except that whole com was 




CONSUMER PANEL EVALUATION FORM USED IN EXPERIMENT 1
BATON ROUGE BEEF STEAK PANEL 
LOUISIANA STATE UNIVERSITY 
1975
The steak without a ring is for the wife. Please eat the whole steak 
and then fill out this schedule immediately.
1. How well did you like it? 2.
 Like Extremely
 Like Very Much
Like Moderately 
Like Slightly
 Neither Like not Dislike
 Dislike Slightly
 Dislike Moderately
 Dislike Very Much
 Dislike Extremely
3. Please rate this steak on v 4. 
its beef flavor*
If any of the following apply 
to the 8teak eaten, please check:
Too Fat 
 Too Lean
 Accidentally cooked overdone
 Poor Appearance
Please rate this steak on 
tenderness:
_Extremely Poor Flavor 









 Neither tender nor tough Slightly tough
 Moderately tough
 Very tough
5* Any flavoring added (catsup, steak sauce, barbecue sauce, etc.)?
_____ Yes _ _  No If yes, what?
6. How cooked? (Please check One) 7. Doneness?
Moist Heat (Liquid added or ___ Nell done
lid on) Medium
Dry Heat (No liquid added and  Rare
no lid)
 Charcoal Broiled
8. Would you purchase this cut if it were available at normal retail 
prices?_________Yes  No
9. Comments: (Both favorable and unfavorable are useful and are 
greatly appreciated)
10. Name 11. Address
12. Date Eaten 13* Household No.
CONSUMER PANEL EVALUATION FORM USED IN EXPERIMENT 2
BATON ROUGE BEEP STEAK PANEL 
LOUISIANA STATE UNIVERSITY 
1976
The steak without a metal ring is for the wife; the steak with the 
metal ring is for the husband. Please eat the whole steak and then 
fill out this fora immediately.




 Neither Like nor Dislike
 Dislike Slightly
 Dislike Moderately
 Dislike Very Much
3. Please rate this steak on its 
beef flavor:
 Extremely Poor Flavor




 Very Good Flavor
Excellent Flavor
5. Please specify your cooking 
method: (check one)
Broiled (Oven or electric 
grill)
 Grilled (Charcoal or gas)
Panfried (Lid offj no 
liquid added)























6. Do any of the following apply 








 Unfamiliar with cut
7. Any flavoring added (catsup, steak sauce, barbecue sauce, etc.)? 
 Yes _____No
6. Would you purchase this cut if available at supermarket prices?
 Yes _____No
9. Comments: (Both favorable and unfavorable an useful and greatly
appreciated)
RETAIL PANEL EVALUATION FORM USED IN EXPERIMENT 2
LSU BEEF RESEARCH 
PLEASE COMPLETE AND MAIL THIS CARD
Circle cooking method: Broiled Grilled Pan fried Braised
Cooked-in-liquid Roasted
Check if applicable: Marinated  Tenderized Flavoring added_
Please rate this cut: (circle one for each item)
(A) Tenderness:
(B) Beef Flavor: 
(c) Juiciness:
Above Below
Excellent Average Average Average Poor
Above Below
Excellent Average Average Average Poor
Above Below




Average Average Average Poor
Would you repurchase this cut if the price were:
a. Increased 100/lb.? Yes__ No___ Don't Know_
b. Increased 200/lb.? Yes__No___ Don't Know_
c. Increased 300/lb.? Yes__No___ Don't Know'
d. Same as sale price? Yes__No___ Don't Know_
e. Decreased 100/lb.?_______ Yes__No___ Don't Know_
Housewife's Age  (Yrs) Housewife's Education 
ANNUAL FAMILY INCOME $
(Yrs)


















































CONSUMER PANEL EVALUATION FORM USED IN EXPERIMENT 3
BATON ROUGE BEEP STEAK PANEL 
LOUISIANA STATE UNIVERSITY 
1977
The steak without a netal ring Is for the wife) the steak with the 
metal ring Is for the husband. Please eat the steak and then complete 
this evaluation form while the edibility characteristics of the steak 
are fresh in your mind.







 Dislike Very Much
3* Please rate this steak on 
beef flavon
 Very Strong Beef Flavor
 Strong Beef Flavor
 Moderate Beef Flavor


























Do any of the following apply 




Accidently Cooked Overdone 
Poor Eye Appeal (Uncooked) 
Excessive Bone or Connect­
ive Tissue
 Unfamiliar with Cut
 Cut too thin
Objectionable Flavor
7. The current retail price for USDA Choice in this cut is $_.___
per pound. Based on this price for Choice beef, how much would you 
pay for this steak? $_.___ .
8. Comments! (Both favorable and unfavorable are useful and greatly 
appreciated)
6 .
JBroiled (Oven or electric) 
_Grilled (Charcoal or gas) 
"Panfried (Lid offi no liquid 
"added)
_Braieed (Lid oni liquid added) 
_Cooked-in-Liquid (Pressure and 
slow cookers)
9. Name Address
LABORATORY PANEL EVALUATION FORM USED IN EXPERIMENT k
Name
Beef Sensory Panel Study 
Date
Plate #
Please evaluate each Beef sample for the quality factor listed 
Below using the appropriate scale.
Tenderness
8 Extremely tender 
7 Very tender 
6 Moderately tender 
5 Slightly tender 
4 Slightly tough 
3 Moderately tough 
2 Very tough 
1 Extremely tough
Juiciness
8 Extremely juicy 
7 Very juicy 
6 Moderately juicy 
5 Slightly juicy 
4 Slightly dry 
3 Moderately dry 








3 Slightly aBundant 




8 Extremely desiraBle 
7 Very desiraBle 
6 Moderately desiraBle 
5 Slightly desiraBle 
4 Slightly undesirable 
3 Moderately undesirable 








TRIANGLE TEST FORM USED IN EXPERIMENT 4
TRIANGLE TEST
Judge
Two of these samples are Identical. Please check the duplicate 
samples and score all samples for presence or absence of off- 
flavor. Please do not score for preference, only for off- 
flavor due to treatment.
Scoringt off-flavor present 1
off-flavor absent 0





MEAN SQUARES OF THE REGRESSION OF CONSUMER PANEL RATINGS ON MARBLING IN EXPERIMENT 1
Common Covariate Effect 
HO: 3 = 0
Trait Cuta MS MSE P =* F
D.F. 1 44
1 0.27 0.82 0.57
Tenderness 2 0.35 0.32 0.30
3 0.17 0.47 0.55
1 0.05 0.32 0.69
Flavor 2 0.51 0.26 0.16
3 0.17 0.30 0.45
1 0.08 1.11 0.79
Acceptability 2 0.58 0.31 0.18
3 0.26 0.61 0.52
^ut 1 = round steak, cut 2 = loin steak, cut 3 = chuck steak.
MEAN SQUARES OF THE REGRESSION OF CONSUMER PANEL RATINGS ON BACKFAT IN EXPERIMENT 1
Common Covariate Effect
Trait Cuta
HO: 3 = 0  
MS MSE P > F
D.F. 1 44
1 0.06 0.83 0.76*
Tenderness 2 0.91 0.31 0.09
3 0.01 0.4? 0.95
1 0.0 5 0.32 0.70
Flavor 2 0.02 0.27 0.78
3 0.01 0.30 0.93
1 0.02 1.11 0.90
Acceptability 2 0.0? 0.32 0.63
3 0.79 0.60 0.26
aCut 1 = round steak, cut 2 = loin steak, cut 3 = chuck steak.
MEAN SQUARES OF THE REGRESSION OF CONSUMER PANEL RATINGS ON MARBLING IN EXPERIMENT 2
Trait Cuta
Common Covariate Effect 
HOs 3 = 0  
MS MSE P > F
D.F. 1 86
1 0.66 0.46 0.24
Tenderness 2 0.61 0.81 0.39
3 0.04 0.62 0.80
1 1.9 5 0.31 0.01
Flavor 2 0.01 0.26 0.95
3 0.13 0.2 7 0.48
1 3.14 0.27 0.01
Juiciness 2 0.79 0.39 0.16
3 0.02 0.40 0.81
l 1.41 0.29 0.03
Acceptability 2 0.36 0.48 0.39
3 1.13 0.49 0.13
^ut 1 = loin steak, cut 2 = chuck steak, cut 3 = round steak.
MEAN SQUARES OF THE REGRESSION OF CONSUMER PANEL RATINGS ON BACKFAT IN EXPERIMENT 2
Trait Cuta
Common Covariate Effect
HO: 3 = 0  
MS MSE P » f
D.F. 1 86
1 2.2? 0.44 0.03
Tenderness 2 0.93 0.80 0.29
3 0.20 0.62 0.57
1 0.39 0.33 0.28
Flavor 2 0.38 0.26 0.23
3 0.22 0.27 0.37
1 0.13 0.30 0.51
Juiciness 2 0.69 0.39 0.19
3 0.36 0.40 0.34
1 0.39 0.30 0.26
Acceptability 2 1.49 0.47 0.08
3 0.32 0.50 0.43
®Cut 1 = loin steak, cut 2 - chuck steak, cut 3 = round steak.
MEAN SQUARES OF THE REGRESSION OF RETAIL PANEL RATINGS ON MARBLING IN EXPERIMENT 2
Trait Loca D.F.
Common Covariate Effect 
HO: 3 = 0
MS D.F. MSE P > F
1 1 0.08 72 0.78 0.75
Tenderness 2 1 0*14 89 0.75 0.66
3 1 0.37 149 0.76 0.49
1 1 0.02 72 0.96 0.89
Flavor 2 1 1.13 89 0.95 0.28
3 1 2.21 149 0.72 0.08
1 1 0.07 72 0.84 0.78
Juiciness 2 1 1.04 89 0.89 0.28
3 1 2.35 149 0.81 0.09
1 1 0.06 72 0.89 0.79
Acc eptahili ty 2 1 2.60 89 0.78 0.07
3 1 3.09 149 0.63 0.03
location 1 = chuck cuts, location 2 = center cuts, location 3 = round and sirloin cuts.
MEAN SQUABES OF THE REGRESSION OF RETAIL PANEL RATINGS ON BACKFAT IN EXPERIMENT 2
Trait Loca D.F.
Common Covariate Effect 
HO: 3 = 0
MS D.F. MSE P =* F
1 1 0.18 72 0.78 0.64
Tenderness 2 1 0.86 89 0.74 0.28
3 1 0.60 149 0.76 0.37
1 1 0.48 72 0.95 0.48
Flavor 2 1 0.06 89 0.96 0.80
3 1 0.76 149 0.73 0.31
1 1 0.02 72 0.84 0.89
Juiciness 2 1 0.02 89 0.91 0.90
3 1 0.36 149 0.83 0.51
1 1 0.01 72 0.89 0.97
Acceptability 2 1 0.10 89 0.81 0.73
3 1 0.11 149 O.65 0.68
Location 1 = chuck cuts, location 2 = center cuts, location 3 - round and sirloing cuts.
MEAN SQUARES OF THE REGRESSION OF LABORATORY PANEL RATINGS ON MARBLING IN EXPERIMENT 2
Trait Cuta
Common Covariate Effect 
HO: 3 = 0
MS MSE P> f
D.F. 1 86
1 0.34 1.30 0.61
Tenderness 2 0.01 1.22 0.96
3 1.57 1.09 0.23
1 0.40 0.26 0.22
Flavor 2 0.48 0.19 0.11
3 0.04 0.16 0.62
1 0.48 0.69 0.41
Juiciness 2 0.19 0.78 0.62
3 0.89 0.49 0.18
1 0.01 0.50 0.85
Acceptability 2 0.31 0.32 0.31
3 0.48 0.28 0.19
3Cut 1 = loin steak, cut 2 = rib roast, cut 3 = round steak.
MEAN SQUARES OF THE REGRESSION OF LABORATORY PANEL RATINGS ON BACKFAT IN EXPERIMENT 2
Trait Cuta
Common Covariate Effect 
HO: 3 = 0
MS MSE P =* F
D.F. 1 86
1 5.08 1.24 0.05
Tenderness 2 6.95 1.15 0.02
3 4.45 1.06 0.04
1 1.51 0.25 0.02
Flavor 2 0.11 0.19 0.45
3 0.33 0.15 0.14
1 1.77 0.67 0.11
Juiciness 2 0.72 0.77 0.34
3 6.96 0.42 0.01
1 0.25 0.50 0.48
Acceptability 2 0.61 0.32 0.17
3 1.84 0.26 0.01
^ut 1 = loin steak, cut 2 = rib roast, cut 3 = round steak.
MEM SQUARES OF THE REGRESSION OF CONSUMER PANEL RATINGS ON MAKBLING IN EXPERIMENT 3
Trait Cuta
Common Covariate Effect 
HO: B = 0
MS MSE P> f
D.F. 1 51
1 0.01 0.63 0.89
Tenderness 2 0.08 0.75 0.7^
3 0.36 0.82 0.51
1 0 Aii- 0.32 0.2 5
Flavor 2 0.01 0.23 0.82
3 0.74 - 0.34 0.1U-
1 0.24- 0.51 0.50
Juiciness 2 0.76 0.24- 0.57
3 1.61 0.75 0.15
1 0.02 0A3 0.83
Acceptability 2 0.13 0.37 0.55
3 0.15 0.49 0.58
^ut 1 = loin steak, cut 2 = chuck steak, cut 3 = round steak.
MEAN SQUARES OF THE REGRESSION OF CONSUMER PANEL RATINGS ON BACKFAT IN EXPERIMENT 3
Trait Cuta
Common Covariate Effect 
HO: 3 = 0
MS MSE P >  F
D.F. 1 51
1 1.15 0.62 0.17
Tenderness 2 0.83 0.74 0.29
3 0.0*J- 0.83 0.82
1 0.17 0.32 0.*4-7
Flavor 2 0.19 0.23 0.36
3 0.0? 0.35 0.67
1 1.58 o .*j-9 0.08
Juiciness 2 0.6*1- 0.23 0.10
3 0.31 0.77 0.53
1 0.72 o.*a 0.19
Acceptability 2 0.15 o.35 0.53
3 0.08 0.49 0.70
®Cut 1 = loin steak, cut 2 = chuck steak, cut 3 = round steak.
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MEAN SQUARES OF THE REGRESSION OF LABORATORY PANEL RATINGS - 
 ON MARBLING AND BACKFAT IN EXPERIMENT 4 _______
Common Covariate Effect
Trait
HO: 3 = 0  
MS MSE P > I
D.F. 1 45
Marbling
Tenderness 0.41 0.62 0.42
Flavor 0.13 0.33 0.54
Juiciness 0.04 0.73 0.80
Connective Tissue 0.01 0.58 0.98
Backfat
Tenderness 0.73 0.61 0.28
Flavor 1.12 0.30 0.06
Juiciness 0.12 0.68 0.73
Connective Tissue 0.02 0.58 0.87
APPENDIX D
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Trait Cut*5 Steer Heifer Steer Heifer Steer Heifer
1 2.62 2.29 2.70 2.61 2.15 2.56
Tenderness 2 3.73 2.96 3.35 3.24 2.76 2.72
3 3.44 3.22 3.33 3.35 3.04 3.46
1 2.73 2.81 2.82 2.89 2.59 2.39
Flavor 2 3.42 3.35 3.24 3.30 3.00 3.17
3 3.15 3.35 3.26 3.24 3.13 3.28
1 2.69 2.65 2.56 2.31 2.34 1.96
Juiciness 2 3.11 2.54 2.82 2.77 2.59 2.50
3 3.67 3.26 3.48 3.54 3.40 3.52
1 1.90 1.66 1.82 1.96 1.55 1.55
Overall 2 2.65 2.70 2.44 2.48 2.16 2.57
3 2.46 2.61 2.48 2.48 2.32 2.48
ffiated on a 1-7 hedonic scale, 1 «= highest rating.
nCut 1 <= loin steak, cut 2 «= chuck steak, cut 3 “ round steak.
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Trait tion15 Steer Heifer Steer Heifer Steer Heifer
1 2.20 1.77 2.02 1.61 1.89 1.70
Tenderness 2 2.55 2.67 2.15 2.0 5 1.85 2.27
3 2.04 2.44 2.05 2.04 1.97 2.05
1 2.02 1.79 2.04 1.53 2.24 1.97
Flavor 2 2.82 2.65 2.56 2.25 2.19 2.42
3 2.33 2.79 1.97 2.09 2.10 2.04
1 2.25 1.76 2.42* 1.43 2.01 2.04
Juiciness 2 2.39 2.69 2.18 1.81 2.07 2.24
3 2.47 2.67 2.16 2.06 2.04 2.14
1 2.02 1.61 2.09 1.50 2.04 2.02
Overall 2 2.54 2.64 2.41 2.32 1.97 2.34
3 2.27 2.58 2.14 1.95 2.04 2.23
*P «= .05.
aEated on a 1-5 hedonic scale, 1 = highest rating.
^Location 1 = chuck steaks, chuck roasts and toneless shoulder roasts. 
Location 2 = T-hone steaks, rib steaks and riteye steaks.
Location 3 - sirloin steaks, round steaks, eye round steaks, eye
round roasts, rump roasts, sirloin tip roasts and sirloin 
tip steaks.
162






Trait Cuta Steer Heifer Steer Heifer Steer Heifer
1 3.97 3.56 4.13 3.51 3.65 3.37
Tenderness*3 2 2.98 2.94 3.43 3.22 3.07 3-35
3 3.73 3.38 3.52 3.52 3.73 4.54
1 3.84 3.62 4.08 *K33 4.26 4.74
Flavor0 2 4.59 4.81 4.36 4.66 4.49 4.68
3 4.16 4.22 4.33 4.41 4.24 4.19
1 4.20 4.09 4.18* 3.28 3.89 3.77
Juiciness*3 2 3.13 3.17 3.82 3.52 3.49 3.50
3 4.52 4.22 4.49 4.30 . 4.30 4.69
1 3.63 3.67 3.77 4.30 4.16 4.50
Overall® 2 4.56 4.63 4.29 4.52 4.34 4.51
3 4.05 4.22 4.15 4.28 4.21 3.93
*P < .05.
^ut 1 ■* loin steak, cut 2 = rib roast, cut 3 *= round steak. 
^Rated on a 1-7 scale, 1 ■ highest rating.
°Rated on a 1-7 scale, 7 = highest rating.
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